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INTRODUCTION 
The use of nitrogenous fertilizers has been shown to be 
necessary as well as profitable for efficient corn produc­
tion. Widespread acceptance of nitrogen fertilizer applica­
tions on corn necessitates a re-evaluation of the nitrogen-
corn-soil relationships. These include the absorption of 
nitrogen from the soil by the crop, soil management factors 
such as rotations and residue management, the fate of ferti­
lizer nitrogen applied to the soil and inherent soil proper­
ties. Also because of the frequent downward displacement of 
nitrate with water, it becomes necessary to evaluate the a-
vailability of nitrate to crop plants in soil horizons below 
the plow layer. A better understanding of these relation­
ships should help to ascertain the most efficient times, 
rates and methods of placement of nitrogen fertilizer for 
corn. 
Field and greenhouse experiments have generally shown 
that plants recover less than 50 percent of applied nitrogen 
during first cropping periods. The residual quantities of 
applied nitrogen may be either lost by leaching, denitrifi-
cation and volitization; immobilized by.microorganisms; or 
recovered and utilized by plants during subsequent cropping 
periods. Whether loss, immobilization or utilization of re­
sidual nitrogen is predominate, probably depends upon the 
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form and quantity of applied nitrogen, time of application 
during the growth of plants, kind of plant grown, and numer­
ous soil factors such as adequacy and position of native soil 
nitrogen and other mineral elements in the soil profile, sup­
ply of moisture and presence of plant and animal residues. 
The information supplied by an investigation of these rela­
tionships assumes immediate practical importance in connec­
tion with the improvement of recommendations to farmers con­
cerning the conditions under which plant utilization of re­
sidual nitrogen is most efficient. 
The current investigation was initiated to explore sev­
eral of the above relationships. The first phase of work was 
concerned with nitrate and water movement in relation to soil 
properties. The primary objective in this case was to study 
the movement of nitrate in the soil as influenced by soil 
texture and structure, and rate of water additions. The 
principal objective of the second phase of work was to deter­
mine the influence of several soil and management factors on 
the absorption by corn of nitrate placed at different posi­
tions in the soil profile as measured by the total nitrogen 
and N*^ content of the corn plants at various stages of de­
velopment. A subsidiary objective was to study the relation­
ship between nitrogen uptake and yield response by corn to 
the soil and management factors. The various relationships 
were to be characterized quantitatively by multiple regres-
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sion techniques. The investigation included experiments in 
the field with accompanying analyses in the laboratory of 
soil and plant samples. 
REVIEW OF LITERATURE 
To facilitate an orderly presentation, this review is 
divided into two parts. The first covers literature related 
to movement of nitrate through soil and the second covers 
literature related to absorption of nitrate by corn plants. 
Nitrate Movement in Soils 
The movement of nitrogen in the soil as measured by loss 
in percolation water, primarily as the nitrate ion, has been 
studied in some detail (10, 52, 56, 70, 77, 78, 90, 122). 
Most of these studies have been conducted with the use of ly-
simeters, and the results have been quite consistent. Except 
for a few instances in very sandy soils (77, 122), results 
have shown that nitrogen is lost in the drainage water as ni­
trate, and that other forms such as ammonium must be trans­
formed into nitrate before any appreciable loss occurs. 
The knowledge that the movement of nitrate through soil 
is closely related to the movement of soil solution has been 
known for many years. Stewart and Greaves (118) reported in 
1912 that the concentrations of this ion in the soils and 
soil solutions varied with the amount of water applied. 
Rous elle (98) in 1913 studied the movement of nitrate using 
columns of soil through which various quantities of water 
were allowed to percolate. As a result, he developed an ex­
pression relating the depth of nitrate movement to the quan­
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tity of water applied- and to the "water capacity by volume" 
present in those soils with which he worked. According to 
Russell and Richards (99), the amount of nitrate present in 
drainage waters was more closely related to the amount of 
rainfall than to any other single factor they considered. As 
a result of lysimeter studies carried out in Tennessee, 
Mooers. (76) found that a deep, clay loam subsoil markedly re­
tarded the outgo of nitrate from a Cumberland clay loam. 
Raney (93) found that the nitrate content in drainage 
water from lysimeters was the predominating factor correlated 
with the amount of calcium, magnesium and potassium in the 
leachate. Little or no correlation was found between the ni­
trate content and the amount of drainage water, or the con­
tent of sulfur or chlorine in the leachate. It was suggested 
that nitrate was a causative factor in the losses of calcium, 
magnesium and potassium and that control of nitrate present 
in the soil at any one time might effectively control leach­
ing losses. 
Kohnke and Vestal (60) and Allison (1) give excellent 
surveys and discussions of the types of lysimeters that have 
been used for various purposes, and the results obtained. 
Their general conclusion was that the extent of nitrate loss 
by leaching depends chiefly upon soil texture and on the a-
mount of rain that penetrates the soil before the crop can 
assimilate the nitrate. Allison (1) concluded that in order 
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to obtain accurate values for some sources of gains and los­
ses, it is necessary to make the experimental conditions more 
and more artificial. He stated that the experimenter then 
wonders how closely the data obtained apply under field con­
ditions. 
Several nitrate movement investigations have been con­
ducted with soils in place in the field. Rohweder (97) stud­
ied the movement of nitrate applied at two rates in the field 
as a function of precipitation and added water on five se­
lected Iowa soils during one November to May overwinter peri­
od. The soils ranged from sand to silty clay loam in tex­
ture. In addition to the below-normal precipitation in this 
overwinter period, enough water was added to bring the total 
moisture to that not exceeded in 50 and 84 percent overwinter 
periods, respectively. Soil samples to indicate nitrate 
movement by winter precipitation and added water were taken 
two days after applying water. The winter precipitation sig­
nificantly affected nitrate distribution at each level of ap­
plied nitrogen. The added water appeared to have no effect 
on the nitrate distribution in soil having no additional ni­
trogen, but did affect the distribution where nitrogen was 
applied. The depth of nitrate movement for a given water 
treatment appeared to increase for soils that allowed a 
greater rate of percolation as a result of texture or struc­
ture. Rohweder also found a trend toward showing a linear 
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relationship of nitrate and water movement with soil texture. 
Nevertheless, he did not find large losses from any- soil. On 
the contrary, he found increased quantities of nitrate to a 
depth of 60 inches in several soils greater than the quanti­
ties he added aside from possible errors in sampling and a-
nalyses. These results would indicate that added nitrogen 
increased nitrification in some of the soils. A significant 
conclusion from this study is that nitrate may not be lost 
from soils in Iowa to the extent generally considered previ­
ously. 
Sabey (101) on three Iowa soils; Webster silty clay loam, 
Muscatine silt loam and Clinton silt loam, found that preci­
pitation falling during his study reduced the nitrate content 
of the surface four inches by as much as 73 to 76 ppm. The 
ammonium fertilizer was applied on September 28, October 5 
and October 13 with rains falling between November 16 and De­
cember 7« The amount of nitrate present previous to the pre­
cipitation was l4l, 117 and 101 ppm., respectively. 
Krantz et al. (63) found that nitrate moved freely with 
soil solution. He observed that nitrate moved to the surface 
during dry seasons and back down into the root zone when ade­
quate rainfall occurred. Larson and Kohnke (66) found that 
nitrate applied to a Miami sandy loam was leached from the 
upper 23 inches of soil by May, but that in a Crosby silt 
loam none of the nitrate was lost during either the summer 
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or the winter. Little loss of nitrate during the entire sea­
son from the upper two feet of a fallow plot on the Merrimac 
silt loam was found in investigations by Smith (111) in Rhode 
Island. He found that nitrate moving downward after leaching 
rains was often retained in subsoil layers, and was returned 
under midsummer conditions by the upward movement of soil so­
lution to replace that lost from the surface by evaporation. 
Soubies et al. (114) in France studied winter movement 
of nitrate in a bare loamy sand in the field. They applied 
ammonium sulfate and calcium nitrate at the rate of 60 kg. of 
nitrogen per hectare. During the winter they sampled the 
soil periodically to a depth of 100 cm. at intervals of 20 
cm. Their data showed the bulk of the nitrate moved in a 
crest or bulge in the profile. The crest was pushed downward 
at an approximately constant rate of 1 cm. for each 3 to b 
mm. of rain. Their data also showed that about one-third of 
the added nitrogen from both sources remained as nitrate in 
the 100-cm. depth after a five-month period in which there 
were 3^7 mm. of rain. The largest quantity of nitrate in 
drainage water occurred when the crest of the nitrate distri­
bution curve was pushed from the 100-cm. depth. The crest 
for the check plots was removed 30 to 50 days before those of 
the treated plots. Thus, the quantity of nitrate appeared to 
affect the rate of displacement of the crest. Results simi­
lar to Soubies et al. (114) were also observed by Rouselle 
(98). In typical serozems with deep ground water levels, 
Ivanov (50) found that nitrogen applied in autumn was rapidly 
nitrified and leached out of the surface layer during the 
winter to depths not exceeding 1.5 meters. Most of the ap­
plied nitrogen was found to be concentrated in a layer be­
tween 40 and 100 cm. deep. 
The effects of seasonal variations on the nitrate move­
ment in soils were investigated by Pathak (88) who found that 
the two maxima of nitrate accumulation in the topsoil coin­
cided with maximum temperatures when nitrification increased 
and nitrate was rising from the subsoil. The leaching that 
occurred during rains was reflected by increasing nitrate 
content in the subsoil. Baumann and Schendel (9) found that 
soil nitrate showed maxima in spring and autumn, but in high­
ly fertile soil, nitrate was also increased during the grow­
ing period. Matthews (71) concluded that prolonged, dry wea­
ther causes most of the soil nitrate to come to or near the 
surface of the soil, and that nearly all of the nitrate and 
ammonium is in the top foot of soil regardless of what source 
of nitrogen is applied. He further concluded that prolonged 
rains are necessary for appreciable leaching of nitrate, and 
that the greater, the proportion of ammonium furnished by a 
fertilizer, the less is the amount of leaching of both ammo­
nium and ammonium plus nitrate. Krantz et al. (63) reported 
similar results and stated that the surface layers of common 
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Indiana soils had an apparent saturation capacity of about 
350 to 500 ppm. of ammonium. 
The yearly cycle of nitrogenous compounds in Greek soils 
was followed by Zvarykin and Xanthakas (136). Their results 
indicated that the low temperature period is marked by high 
ammonium and low nitrate content of the soil and the high 
temperature period is characterized by high nitrate and low 
ammonium content. 
Harding (42) found up to three tons of soluble salts in 
the surface six inches of interfurrow ridges in an irrigated 
field. The accumulation resulted from capillary conduction 
in a furrow irrigation system. A high accumulation of ni­
trate was found by Mills (75) in the top two inches of a bare, 
fallow soil in Uganda while much less nitrate accumulated in 
the surface of a shaded or mulched soil. 
Puchner (92) made" a laboratory study of the movement of 
soluble salts in soils. Soil was placed in galvanized iron 
tubes 50 cm. in length and allowed to dry. The accumulation 
of salts at the surface of the soil increased with the rapid­
ity of evaporation. Although the movement of soluble salts 
followed the soil solution movement, Puchner noted that move­
ment depended to some extent on the chemical and physical 
properties of the soil. 
Lebedev (67) found that salts do not move at moisture 
levels below maximum hygroscopicity. Using layers of the A 
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horizon of a degraded Chernozem soil at two different mois­
ture levels, Lebedev traced the movement of added lithium 
chloride. In the presence of film and gravitational water, 
the salt moved in the direction of lesser concentration. He 
concluded that the movement of the salt may be in the same 
direction as the movement of the soil moisture or it may be 
opposite to the direction of water movement. 
A laboratory study was conducted by Steward and Eck 
(117) to determine the extent of movement of surface applied 
nitrate into soils at five moisture levels. Aliquots of 
Tillman clay loam were adjusted to the desired moisture lev­
els. Ammonium nitrate was then broadcast on the surface. 
The soil was incubated at constant temperature and moisture 
for l*f days. The soil was sampled by horizontal sections and 
nitrate determinations were made. Downward movement of ni­
trate progressed to a depth of 2 1/2 inches when the soil was 
at moisture equivalent, to 2 inches when the soil was at a 
moisture percentage which was at equilibrium with 3 to 5 at­
mospheres of pressure, and to 1 1/2 inches when the soil was 
at a moisture percentage which was at equilibrium with 8 to 
15 atmospheres of pressure. These investigators also studied 
nitrate movement under field conditions on three soil types. 
They found decreases in soil moisture between fertilization 
and their sampling period which indicated that evaporation of 
soil moisture and downward movement of nitrate took place si­
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multaneously. Their data show that surface-applied nitrate 
moved into the soil at all moisture contents from moisture 
equivalent to those in equilibrium with 15 atmospheres of 
pressure. Howevers the amount and depth of nitrate movement 
was definitely affected by the moisture content of the soil. 
Bates and Tisdale (8) made a laboratory Investigation in 
which movement of nitrate through columns of coarse-textured 
soil materials was studied. Eight soil materials were used 
ranging from the Norfolk loamy sand to coarse sandy alluvium. 
The movement of added nitrate as a function of the porosity 
of these soils and the quantity of water added to the columns 
were determined. These investigators developed a multiple 
regression equation which permitted an estimate of the mean 
nitrate movement from a knowledge of the value of these two 
variables. 
Jones (52)a working with 30 inch columns of Norfolk 
sandy loam, Hartsells fine sandy loam and Decatur clay loam, 
found the amounts of nitrate lost were closely related to the 
texture of the soil. The amount of nitrate lost decreased as 
the clay content increased. Only negligible amounts of the 
added nitrate were leached from the clay loam when winter 
cover crops were used; however, fallow plots lost greater 
quantities of nitrogen. On the fallow plots of Decatur clay 
loam there was a progressive annual increase in leaching of 
nitrate reaching 56 pounds per acre per year in the fourth 
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year following application. Soybeans added at the rate of 
10,000 pounds green weight per acre to yield 75 pounds of ni­
trogen, cowpeas added at a comparable rate and sodium nitrate 
fertilizer at the rate of 225 pounds per acre were used as 
sources of nitrogen. The amount of nitrogen leached from the 
soybeans and cowpeas turned under in the fall amounted to 52 
percent of that applied on the Hartsells fine sandy loam with 
70 percent of the added nitrogen leached from the Norfolk 
sandy loam. The rainfall ranged from 45 to 55 inches annual­
ly during the four years of the experiment. The percent of 
rainfall as percolate from the Decatur clay loam and Hart-
sells fine sandy loam was 35 to 45 percent, while it was 55 
to 60 percent from Norfolk sandy loam. 
Factors Relating to Nitrate Absorption 
The absorption of nitrate by corn roots is probably in­
fluenced by many factors ranging from the rate of growth, 
moisture regime and location of the roots in the soil to the 
influence of other ions upon its entry into the corn root. 
Many interrelationships and interactions no doubt also exist 
among the various factors, all of which influence directly or 
indirectly, the ability of the corn plant to absorb nitrate. 
The extent and nature of the root system of the corn 
plant determines to a large degree the magnitude of absorp­
tion of mineral elements. The characteristics of the root 
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systeœ may vary considerably, depending upon the variety and 
the conditions under which the plant has grown. Thus, the 
efficiency of absorption by the corn root is greatly influ­
enced by the fertility, moisture content, aeration, texture 
and structure of the soil; fertilizer placement and the many 
other factors such as root diseases. The literature concern­
ing mineral element uptake, distribution and redistribution 
in corn plants has been reviewed by Nelson (84). 
Aspects influencing mineral element absorption 
The stage of development of the corn plant very strongly 
influences the zone occupied by its root system. Several in­
vestigators (35s 44, 120, 130) have shown that the corn roots 
take a course parallel or almost parallel to the surface of 
the soil and seldom penetrate more than a foot in depth until 
the plant has formed its seventh or eighth leaf. 
The studies of Hays (44), Ten Eyck (120) and Weaver 
et al. (130) have shown that as the corn approaches maturity, 
the roots tend to branch and grow deeper. The maximum spread 
of the main roots at maturity often is about 3*5 feet in all 
directions from the stalk, while the maximum penetration may 
range from at least 5 to 8 feet under favorable soil condi­
tions. King (59) found that the corn roots "fully occupied" 
the upper three feet of soil in the entire field by the time 
corn reached the tasseling stage of development. 
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Weaver et al. (130) found that by the time the plants 
are about four feet high, the lateral roots may extend to a 
distance of tv:o or over three feet from the case of the 
stalk, where they usually turn dov;n rather abruptly. He 
found that pénétration of these roots may range from 1.5 to 
over four feet. A number of younger roots run almost verti­
cally downward or spread laterally a few inches and turn 
downward. These roots may penetrate to a depth of four 'or 
five feet by this time. 
Gile and Garrero (30, 3D grew corn with half the roots 
maintained in a complete mineral element solution and half in 
a nitrogen-free solution. These plants made noticeably less 
growth than normal plants having all of their roots in the 
complete solution and absorbed only three-fourths as much ni­
trogen. The roots in the complete solution, however, ab­
sorbed 1.48 times more nitrogen per gram as roots ci the nor­
mal plants. Total plant growth and assimilation, of elements 
were roughly proportional to the extent the mineral elements 
were restricted to separate portions of the roots (3D . 
Spencer (115) also noted a lack of growth when he divided the 
roots of month-old corn plants into three parts and supplied 
nitrogen, phosphorus and potassium to them in separate com­
partments. On the basis of the above observations, one might 
question the desirability of localized application of ferti­
lizers in soils extremely deficient in mineral elements. 
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The characteristics of the soil such as fertility, 
structure, aeration and available moisture supply influence 
the depth of penetration and the pattern of root growth. 
Fehrenbacher and Snider (27) found that greater root penetra­
tion usually is obtained on friable well-drained soils than 
on compact or poorly aerated soils. In a study conducted in 
195*+ they observed penetration of corn roots in a Muscatine 
silt loam to a depth of seven feet. They found little pene­
tration by corn roots on the Elliot silt loam. This soil is 
underlain at 24- to 28 inches by a silty clay loam glacial 
till of high volume weight, poor structure and low aeration. 
They also found 2008 pounds of corn roots per acre in the 
Muscatine soil, 70*7 percent of which were in the upper 10 
inches, 19-5 percent from 10 to 30 inches, 7-5 percent from 
30 to 4-8 inches and 2.3 percent from 4-8 to 72 inches. In the 
Elliot silt loam there were 2224- pounds of corn roots per 
acre with 55 «5 percent in the upper eight inches, 4-1.5 per­
cent from 8 to 28 inches, 3.0 percent from 28 to 4-8 inches 
and none below this depth. 
Weaver et al. (130) observed that when corn roots come 
in contact with a fertilized layer in the soil they generally 
develop more abundantly and branch profusely. Bellinger (89) 
found that fertile soils were more favorable to corn root 
development than infertile soils, and that corn grown in ro­
tation with other crops had a greater root growth than corn 
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grown continuously. He also found that applications of both 
phosphorus and potassium exerted a beneficial effect upon the 
corn root development and anchorage of corn grown on a soil 
deficient in these elements. Superphosphate was much more 
effective than rock phosphate in this respect. Fehrenbacher 
and Snider (27) observed that liming, fertilizing and turning 
under of legumes induced root penetration and development in­
to lower soil horizons. Plants on comparable untreated 
plots, however, were much smaller. 
Beckenbach et al. (11) showed that the nitrate ion con­
centration in the substrate directly affected the calcium 
content of the corn tissues, high calcium in the tissues be­
ing associated with high nitrate in the substrate and low 
calcium with low nitrate. Magnesium uptake also appears di­
rectly affected by variations in the nitrate ion concentra­
tion (11). Wadleigh and Shive (127) noted that the ammonium 
ion depressed calcium and potassium absorption and, to a les­
ser degree, magnesium absorption. Tyner and Webb (121) also 
observed a lowered potassium content in the leaves of field 
grown corn following application of ammonium sulfate ferti­
lizer. 
Weaver et al. (130) found that the absorption of water 
and nitrate at the various depths is directly correlated with 
the abundance of roots and the time the roots were present 
and active at the various levels. Their investigations 
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showed clearly that in studies of soil fertility more than 
the surface soil must be taken into account. Millar (72, 73) 
also noted that the lower root system of corn can absorb a-
vailable mineral elements. He obtained inferior growth of 
corn on subsoils, but this was due largely to the lack of a-
vailable mineral elements. Woodruff and Smith (134-) obtained 
small but significant yield increases from applying lime and 
fertilizer in mechanically shattered claypan subsoils. 
When corn was grown in sand culture, a positive and sig­
nificant relationship existed between the increase of nitro­
gen in the substrate and its content in both the sap and tis­
sues of the plant according to Obenshain (8$). In a similar 
experiment, Duley and Miller (26) found that the percent ni­
trogen and potassium in corn plants was approximately propor­
tional to the supply of mineral elements during the period 
just prior to harvest. Robertson et al. (96) reported that, 
as the rate of nitrogen application was increased, additional 
uptake was greatest during the first 4o days, with the effects 
decreasing in subsequent stages. 
Glover (33s 34-) studied the effects of mineral element 
balance on the uptake of nitrogen by corn. He reported that 
no visual deficiency symptoms were observed when the mineral 
element balance was maintained at such a low level that the 
plants grew only slowly. However, if the balance at this low 
level was upset by additional supplies of phosphorus, defi-
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clency symptoms of nitrogen were observed. The uptake of ni­
trogen depended not only upon the supply of nitrogen, but 
also upon the level of phosphorus. Glover concluded that the 
total nitrogen uptake by corn measured at an early stage of 
growth is not a good guide for predicting yields, but the ni­
trogen content of the tops seems to be related to the level 
of nitrogen supply.and might therefore be useful as.a guide 
to that level. 
Nitrogen, phosphorus and potassium interactions and 
their effects on balances of these mineral elements in corn 
leaves were studied by Tyner and Webb (121). They reported 
that potassium had a slight depressive effect on nitrogen 
concentration in the corn leaves at certain dates, but that 
phosphorus had no effect on either the nitrogen or potassium 
content. 
Low levels of mineral elements in sand cultures resulted 
in a longer maturation period according to Glover (33). Dur­
ing the slower period of maturation, by reason of a longer 
period of uptake of nitrogen, the corn could reach grain 
yields nearly as high as those of well-nourished plants. 
Miller and Duley (71*-) have shown that corn grown under 
conditions of relatively low soil moisture has a larger root 
system with a greater absorbing surface than that grown under 
more nearly optimum conditions. Also under dry soil condi­
tions the lateral roots are more abundant, longer and more 
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profusely branched, and there is a tendency for these roots 
to turn downward more rapidly. Shantz (106) showed that corn 
roots, like those of must crop plants, do not readily pene­
trate a layer of very dry soil, even though a satisfactory 
moisture supply may exist below. 
Corn root systems apparently can absorb moisture from a 
zone of moist soil and exude it into a zone of very dry soil, 
thus causing a moisture build-up to the point where some 
growth and nutrient absorption can take place in the dry soil. 
Brezeale (17) observed moisture transfer from moist to dry 
soil by brace roots of corn. Volk (125) divided the corn 
root system between soil dry to near the permanent wilting 
point and soil adequately supplied with moisture and noted 
some moisture translocation and root growth into the dry soil. 
These investigators gave evidence that the roots in the dry 
soil absorbed nitrogen and potassium, but little if any 
phosphorus. Hunter and Kelley (4-8) grew corn for 30 days in 
tar-paraffin pots filled with moist soil which was surrounded 
with dry soil below the wilting point. They observed that 
the roots penetrated into the dry soil and a build-up of 
moisture occurred within the dry soil. 
Russell et al. (100) studied the pattern of moisture 
extraction in the field and noted that corn roots first ab­
sorbed moisture at a shallow depth directly beneath the corn 
hills, then, the zone of absorption extended laterally until 
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most of the moisture at that depth was depleted. As the 
growing season progressed, the moisture absorption occurred 
at successively lower depths. Howe and Rhoades (4-7) also ob­
served the increased depth of moisture removal as the season 
advanced. On a permeable fine sandy loam irrigated to field 
capacity before planting, 35 percent of the available water 
remained in the upper six inches of soil on July 4-, at which 
time the plants were about 36 inches high. All the available 
water was removed from the surface six inches by July 14-, 
from the upper 30 inches by July 31 and from the 4-2 inch zone 
by October 13. 
Greenhouse data of Schropp and Arenz (104-) show that the 
level of moisture in soil affects the uptake of added nitro--
gen by plants. This effect was observed in the field by 
Ohlrogge et al. (86). They found that nitrogen content of 
aerial dry matter of corn amounted to as much as 60 percent 
uptake of nitrogen added as ammonium sulfate in a season i-
deal for corn production. In a droughty season only 35 to 4-0 
percent of the added nitrogen was absorbed. Their data for 
nitrate distribution in the soil showed an accumulation at 
the surface in dry periods between rains. At this position, 
nitrogen was less accessible to roots, and hence, possibly 
serves as a partial explanation for the difference in uptake 
between the two seasons. 
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Factors affecting the extent of nitrogen absorption 
The term recovery in this dissertation implies apparent 
recovery except in instances where isotopic nitrogen was em­
ployed. Several investigators have reported recovery of ap­
plied nitrogen on the basis of content of nitrogen in aerial 
parts of plants expressed as a percentage of the quantity of 
applied nitrogen. 
The influence of various soil factors on nitrogen recov­
ery by corn has been widely investigated. The percentage re­
covery of applied nitrogen decreases as the rate of nitrogen 
application increases, is less under dry surface soil condi­
tions and where the nitrogen-supplying power of the soil is 
high, and may be low in soils receiving large amounts of un-
decomposed low-nitrogen crop residues. Recovery also is low 
where leaching occurs during the growing season. Krantz and 
Chandler (61) reported 68 percent recovery in the grain from 
a 100 pounds per acre application of nitrogen, 5b percent 
from a -160<-pound rate and 50 percent from a lôO-pound rate. 
Recovery of added nitrogen on the basis of nitrogen content 
of corn grain is given by Viets and Domingo (123). From ap­
plications of 90 and 148 pounds of nitrogen as ammonium ni­
trate recoveries of 4-Ô and N-9 percent were obtained, respec­
tively. In their experiments one pound of added nitrogen in­
creased corn grain yields 0.75 bushels per acre. Scarseth 
et al. (103) and Hunter and Yungen (49) reported recoveries 
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ranging mostly from 20 to 50 percent. Some of the nitrogen 
remaining in the soil after the crop is harvested normally is 
recovered in subsequent crops. 
Black et al. (15) and Carson (21) showed that as rates 
of nitrogen applications approached and exceeded those re­
sulting in maximum yield of oats in the field, percent recov­
ery decreased as the rates increased. Black et al. (15) 
showed a recovery of 58 percent in the aerial dry matter of 
oats from an application of 32 pounds per acre. Only 9 per­
cent recovery resulted from an application of 128 pounds 
which caused a large yield depression. For applications of 
20 and 80 pounds of nitrogen per acre, Carson found a recov­
ery in the aerial dry matter of oats equivalent to 62 and 38 
percent of the respective rates. Such large variations in 
the percent recovery are not generally observed in green­
house experiments. Prevention of leaching losses in the 
greenhouse and confinement of roots and mineral elements to 
a small volume of soil may be part of the explanation for 
this difference. 
Undoubtedly, a considerable portion of the nitrogen ab­
sorbed by field-grown corn is in the form of nitrate, since 
nitrification usually takes place at a fairly rapid rate in 
most soils. Corn, however, apparently can absorb and use ap­
preciable amounts of ammonium nitrogen. Viets et al. (12b) 
found that corn plants absorbed ammonium nitrogen, increased 
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in amino nitrogen content and continued to increase in weight 
when grown on a mineral element solution which contained am­
monium sulfate. Nitrate was suggested to be necessary, how­
ever, since the corn plants did not synthesize protein effi­
ciently. Evidence that significant amounts of the ammonium 
ion can be absorbed and utilized also has been found by 
Hoener and DeTurk (4$). Some evidence exists that the pro­
portion of nitrate to ammonium nitrogen absorbed varies with 
the conditions of the substrate. Loo (68) noted that much 
less nitrate than ammonium nitrogen was absorbed by corn 
seedlings in solutions containing relatively high amounts of 
ammonium nitrate. At low ammonium nitrate concentrations, 
more nitrate than ammonium nitrogen was absorbed. Naftel 
(82) and Wadleigh et al. (126) have observed that young corn 
plants absorb the ammonium ion more readily than the nitrate 
ion and that nitrate is absorbed more readily by older 
plants. Best growth of the plants, however, resulted when 
both were present. 
Robertson and Ohlrogge (95) found that the position in 
which side-dressed nitrogen is placed with respect to the 
distance from the corn row did not seem to make a great deal 
of difference. This would be expected in that the corn'root 
system rapidly extends across the entire space between rows. 
The depth to apply nitrogen is by no means clear-cut and ap­
pears to vary with the moisture content of the soil through 
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the season and the pattern of moisture movement. Many of the 
studies involving depth of placement are confounded with ap­
plication and their interpretation is very difficult. As ev­
idenced by Krantz and Chandler (61) greater yield responses 
were found from side-dressing applications than from plow-
sole applications made before planting. There was some evi­
dence of greater leaching losses under the deep placement and 
yields were generally inferior where the nitrogen was applied 
at depths of 10 to 16 inches. However, Scarseth et al. (103) 
found evidence favoring plow-sole applications. 
Results of numerous field experiments in which different 
sources of nitrogen fertilizer have been compared indicate 
only small differences in the efficiencies of the various 
sources as shown by Krantz and Chandler (61), Chandler (24) 
and Williamson et al. (133). Even though the original chemi­
cal forms may differ greatly in their composition, nitrifica­
tion proceeds rather rapidly under favorable soil and temper­
ature conditions. Thus, the chemical form in which the ni­
trogen is applied usually does not influence growth material­
ly or consistently. 
Evaluation of mineral element SUPplying-power of subsoils by 
isotopic tracer techniques 
Radioactive and non-radioactive isotopes have been most 
useful in determining the soil layers where the mineral ele-
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ments are absorbed by corn roots. The isotopes are also very 
useful in studying the translocation of elements within the 
plant. 
Murdock and Engelbert (81) initiated a study to deter­
mine the extent of absorption of p32 by corn plants from suc­
cessive six inch soil horizons. These investigators were in­
terested- in learning if sufficient quantities of subsoil 
phosphorus are removed by corn to justify its consideration 
as a source of phosphorus. Field, laboratory and greenhouse 
studies were conducted to make this evaluation. The results 
of these studies indicate that corn recovered at least as 
large a quantity of phosphorus from the subsoil as from the 
plow layer. In most instances the available phosphorus in 
the plow layer was greater than that in any subsoil horizon 
of similar thickness but less than that found in all of the 
subsoil penetrated by corn roots. These investigators con­
cluded that the absorption of phosphorus from subsoil hori­
zons is of importance to some agronomic crops, and informa­
tion concerning the amount of available phosphorus in the 
lower horizons, as well as that in the plow layer, should be_ 
considered when fertilizer recommendations are made. 
A technique for studying root activity and distribution 
by injecting radioactive phosphorus into the soil at various 
depths and distances from the plant was described by Hall 
et al. (35) in 1953. Using their technique they found that 
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phosphorus placed at a depth of three inches contributed ap­
proximately half of the plant's supply of fertilizer phos­
phorus through the first seven weeks and over one-third 
throughout the growing season. The p32 placed at a depth of 
eight inches contributed about one-third and the remaining 
third came from that placed at 13 and 18 inches. It was 
found that about two-thirds of the last one-third came from 
the 13 inch placement. From their results, these workers 
concluded that for maximum production of corn, fertile soil 
of considerable depth is needed. This conclusion was based 
on their data which indicated that corn can draw upon a large 
volume of soil for both mineral elements and moisture. They 
indicated that ordinary methods of shallow fertilizer place­
ment may be relatively insignificant, except during early 
growth. These workers .determined that by the end of four 
weeks after planting the root system fills a volume of soil 
almost hemispherical in shape with horizontal radius of about 
24 inches and a vertical radius of about 18 inches. Prior to 
maturity the roots extended beyond 30 inches laterally. 
There have been relatively few experiments where recov­
ery of added nitrogen was determined by isotopic tracer tech­
niques . Bartholomew and Hiltbold (5) studied the recovery by 
oats of nitrogen added to two soils along with two organic a-
mendments. Plant uptake of nitrogen from the fertilizer in­
creased in direct proportion to the rate of application. Re­
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coveries in the total crop ranged from 27 to 54 percent of 
the nitrogen applied. The lower percentage recoveries were 
generally associated with the lower rates of nitrogen appli­
cation and with the addition of plant residues, especially 
corn, to the soil. At a given level of nitrogen and organ­
ic amendment percent recovery was slightly higher from a 
Marshall silt loam than from a Clarion silt loam. For a giv­
en soil and level of added nitrogen, percent recovery was 
less where oat straw was added to soil than where alfalfa 
was used. Thus, percent recovery varied with nitrogen lev­
els, soils and residues. 
An illuminating study concerning the fate of labelled 
nitrate and ammonium nitrogen is reported by Walker et al. 
(128). They applied labelled nitrogen in these two forms at 
six rates to a grass and clover grown alone and together in a 
greenhouse experiment. They found percent recovery of added 
nitrogen increased slightly with rates of addition. Recovery 
was slightly less for the nitrate form than for the ammonium 
nitrogen. At the higher rates of nitrogen for the grass 50 
percent of the applied nitrogen was found in the tops while 
15 to 20 percent was found in the roots. Although no inor­
ganic nitrogen was found in the soil at harvest, analysis of 
total nitrogen in the soil showed 15 percent of the added ni­
trogen in the soil was combined in organic substances. 
Swedlund (119) used a technique employing N^-5 to study 
absorption of nitrate placed at various depths in the soil 
profile. The segment of the continuous corn plots receiving 
no fertilizer treatments at the Agronomy Farm near Ames, lev;a 
was used for this experiment. Obvious nitrogen deficiencies 
were displayed by this corn as the season progressed. Sv;ed-
lund studied the absorption of nitrate by corn from layers 
centered at 6, 13 and 30 inches deep. ^ solution containing 
was introduced directly under the hill at the desired 
level by the use of ho112w probes placed at an angle to the 
horizon and driven to a calculated depth in such a manner to 
assure placement reasonably close to the prescribed position. 
The solution was allowed to flow into the volume of soil sur­
rounding the tip of the probe. Kitrate absorption trials of 
two-week duration were used at owe different periods during 
the growing season. Swedlund found that yield variations a-
mong hill plots were large. During the first experimental 
period, July 6 to 22, absorption of nitrate from the 6 and 18 
inch positions were very similar, but absorption from the 30 
inch depth was generally -well below that of the others. Dur­
ing the second experimental period, July 27 to August 10, ab­
sorption was similar from all three depths. Swedlund gener­
ally found that absorption from subsoil horizons under the 
conditions of the experiment was not markedly different from 
absorption at the surface. Absorption of applied nitrogen 
appeared to be higher during the earlier period of growth 
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than during the later period. He found this to be particu­
larly true of the nitrogen placed at 6 and 18 inches deep. 
Swedlund concluded that the extent of nitrate absorption 
by corn from various subsoil horizons in the field may have 
been due to extensive root activity in the horizon or to 
movement of nitrate upward into the maximum root zone by the 
influence of moisture tension gradients. As radioactive 
phosphorus, in a parallel preliminary experiment, was not ap­
preciably absorbed by corn from either 18 or 30 inch depths, 
Swedlund concluded that the major factor influencing the ab­
sorption of was upward movement of water and nitrate. He 
related that the pecularities of the season also may have had 
an influence on absorption. Moisture, although adequate, was 
not excessive during Swedlund*s first experimental period and 
was quite limited, especially in the surface horizons during 
the second experimental period. Swedlund stated that high 
soil temperatures coupled with the low moisture during the 
latter period could have reduced root activity in the upper 
soil layers. 
Swedlund further speculated that the low absorptions may 
have been closely correlated with the amount of moisture a-
vailable. If the initial soil moisture level was very near 
the wilting point, the amount of water added to the soil in 
the injections would not have been enough to bring the soil 
moisture to a high enough level so that nitrate could move 
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appreciably with changing water tensions. He further pro­
posed that although the amount of water added would have es­
sentially saturated the soil at the point of application for 
a short period of time in a two-week period of growth, the 
soil may have dried out to such a degree that the nitrate was 
unavailable to the absorbing roots in a particular zone of 
absorption. 
Nitrogen utilization and distribution in corn 
Some research has been conducted on the seasonal devel­
opment of the crop and the mineral absorption and transloca­
tion within the plant throughout the season. Hanway (39) 
has made an extensive study of corn growth and composition in 
relation to soil fertility. He found that differences in 
soil fertility influence the amounts of nitrogen, phosphorus 
and potassium taken up by corn plants, but did not markedly 
change the seasonal pattern of uptake and distribution of 
these elements in the plants. Hanway (38) also found that 
nutrient deficiencies were reflected in differences in per­
cent nitrogen, phosphorus and potassium in the leaves and 
leaf sheaths more than in other plant parts. In early season 
samples, differences in percentages of nitrate in the plant 
due to differences in nitrogen availability were greater than 
those of percent total nitrogen. Hanway (40) observed that 
the rate of dry matter accumulation in corn plants was linear 
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over most of the growing season after leaf growth was nearly 
complete. Differences in soil fertility resulted in differ­
ent rates of dry matter accumulation, but influenced all 
plant parts similarly. The yield of total dry matter and of 
grain in plants from different fertility levels was propor­
tional to the weight of leaves, even though the chemical com­
position of the leaves was extremely variable. 
Chandler (23) found that the most rapid uptake of nitro­
gen by corn plants occurred during early growth and grain 
formation periods. During the last two to three weeks of the 
development period he observed there was a loss of about Im­
pounds of nitrogen per acre by leaching and/or loss of plant 
parts. The corn grain was found to contain 70.3 percent or 
108.1 pounds per acre of the total nitrogen at harvest. A-
bout 55 to 60 pounds of the nitrogen was translocated from 
other tissues of the plant into the grain during its devel­
opment. Chandler observed that about an equal quantity was 
absorbed from the soil during the same period. 
Krantz and Chandler (61) observed that nitrogen in­
creased the grain weight three to fotir times as much as" sto­
ver weight. On check plots about three pounds of stover were 
produced for each pound of grain, whereas on plots receiving 
from 160 to 180 pounds of nitrogen per acre, only about 0.8 
to 0.9 pound of stover was produced per pound of grain. 
The curve for nitrogen accumulation in the whole plant 
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parallels, or slightly precedes, the curve for dry matter 
production until sometime following tasseling and silking as 
shown by Hornberger (46), Jones and Huston ($3), Sayre (102) 
and Hanway (39). Sayre (102) reported that one-month-old 
plants contained about 3-5 pounds of nitrogen per acre. Ten 
days later, when the dry matter production was increasing 
rapidly, the plants had accumulated 15 pounds per acre. At 
about silking time, during most rapid dry matter production, 
they were accumulating four pounds of nitrogen per acre per 
day. Following tasseling and silking, Sayre (102) found that 
the pattern of nitrogen uptake is not clear-cut and apparent­
ly depends upon the supply available in the soil and upon 
other factors affecting absorption. Sayre noted that nitro­
gen accumulation in the whole plant, after reaching a peak at 
about silking time, continued for another four weeks and then 
stopped somewhat abruptly. Jones and Huston (53) observed 
that the silking peak was followed by a decreased rate of ni­
trogen accumulation which again became high at about the time 
the kernels began to glaze. Ladd (65), Duley and Miller 
(26), whitehead et al. (132) and Jordon et al. (54) all ob­
served nitrogen accumulation until maturity. Hornberger1s 
data (46) showed a continued accumulation of nitrogen until 
ripening and then an actual loss. Glover (34), using sand 
cultures, found that nitrogen absorption decreased during the 
setting and ripening of the grain, but it declined quickly to 
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a very low level before harvest. 
Nitrogen accumulates rather rapidly in the grain until 
maturity. This is accomplished in large part through move­
ment and depletion from other plant parts as shown by several 
investigators (46, 53s 54, 102). Some nitrogen moves out of 
the cob, leaves, stem and husks. Whitehead et al. (132) ob­
served that during growth the total nitrogen per acre in the 
corn leaves,- sheaths, shanks and tassels reached a maximum 
and then decreased, the net loss being attributable to gain 
in the ears. 
In the case of plants with poorly filled ears, Brunson 
and Latshaw (20) found the total nitrogen content per acre 
uniformly higher than that of plants with well-filled ears. 
The increase of total nitrogen per acre was greatest in the 
cob. In barren plants, the total nitrogen content per acre 
was 20 to 40 percent higher in the stalks and leaves. Loomis 
(69) found that the increase in nitrogen in such plants is 
mostly in the nitrate form and has not been synthesized to a-
mino acids or proteins. 
Snyder (113) observed that the maximum protein content 
of corn fodder and other forage crops was obtained on soils 
where the fertility had been maintained by the use of manures 
and crop rotations. Similar results were reported by Kohnke 
and Vestal (60). Harshbarger et al. (43), on the other hand, 
reported little change in protein content of the grain in a 
five-year study except as influenced by the particular sea­
son. They found an enhanced protein content of the leaf­
stalk fraction of the forage, when the crop was grown on 
soils low in available plant elements. Wallace and Smith 
(129) found little relationship between the nitrogen content 
of young corn plants and soil organic matter or residues add 
ed. The influence of weather conditions on the uptake of ni 
trogen by corn as measured by the content of protein in the 
grain was investigated by Castle et al. (22). These workers 
reported a larger proportion of protein in a cool, moist sea 
son as compared to a hot, dry one. Kohnke and Vestal (60), 
however, found the protein content of corn grown on a poor 
soil to be higher in a dry year than in a wet year. 
Numerous investigators (12, 22, 49, 60, 62, 64, 135) re 
ported an increase in the protein content of corn grain as a 
result of nitrogen fertilization. Hunter and Yungen (49) 
found that the protein content and total protein per acre in 
harvested grain increased with the rate of application of ni 
trogen. The percentage of applied nitrogen recovèred in the 
grain decreased, however, as the rate of application in­
creased. Prince (91) reported a direct relationship between 
the amount of nitrogen applied and the content of crude pro­
tein in the grain. Similar relationships have been reported 
for other crops such as oats, wheat and millet (5, 29, 80). 
An increase in the percent nitrogen of corn stover as a 
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result of nitrogen fertilization was found by Zuber et al. 
(135)• Other workers (43, 54, 64, 113) have reported similar 
findings. The gradual decrease in nitrogen concentration in 
corn leaves and stalks as the season progresses has been de­
scribed by Jones and Huston (53). 
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EXPERIMENT PLANS AND PROCEDURES 
This section contains a description of the experiments 
used in this investigation. It is divided into two main 
parts, "Nitrate Movement Experiment" and "Nitrate Absorption 
Experiment". Within each part is given a discussion of the 
soils, field techniques, analytical methods and statistical 
analyses which are relevant to the particular experiment. 
Nitrate Movement Experiment 
A nitrate movement experiment on three selected soil 
profiles in the field was conducted during the summer of 
1958. 
The general objective of this experiment was to obtain 
more basic information on the extent of nitrate movement in 
some Iowa soils, taking into consideration the effects of 
varying rates of water additions and the effects of textural 
and structural differences of the soils. The effects of 
these factors on nitrate movement were determined on three 
different soil types. 
The effects of the above factors were studied by apply­
ing different rates of nitrate after which varied increments 
of water were added. The displacement of the nitrate from 
the surface by the water and its subsequent appearance in the 
subsoil horizons was considered as a measure of nitrate move­
ment. The vertical distribution of nitrate and moisture was 
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determined by sampling the soil profile in six inch incre­
ments to a depth of five feet. 
Selection and description of soils 
The three sites were selected in order to obtain the 
range of soil types necessary for this experiment. This 
range was based on differences among the soil profiles; e.g., 
texture, structure and relative permeability to the infiltra­
tion of water. The soils selected and their locations are 
listed in Table 1. A brief description of each of the soils 
used in this experiment is listed below as adapted from Si­
mons on et al. (109)• 
Table 1. Location of experimental sites, experimental farms 
and soil types used in the experiment 
Soil Experimental Previous 
type County farm crop 
Ida silt loam Monona Western Iowa Corn 
Nicollet silt loam Hancock Clarion-Webster Alfalfa-
Bromegrass 
Edina silt loam Davis Southern Iowa Soybeans 
The Ida silt loam is a Regosol and was formed from 
coarse, calcareous loess in hilly to rolling uplands. It 
commonly covers the upland slopes reaching down toward stream 
valleys, but it also forms the crests of narrow ridges. Un-
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der natural conditions these soils are very -we 11-drained. 
The Ida profile consists of a brown calcareous thin A horizon 
of silt loam texture and a coarse textured calcareous silt C 
horizon. 
The Nicollet silt loam is a deep Brunizem Kumic-Gley 
intergrade which was formed from friable glacial till. Under 
natural conditions these soils are moderately well-drained. 
The Nicollet profile consists of a moderately thick and dark 
A horizon; and a subsoil which is imperfectly oxidized, indi­
cative of the poorer drainage conditions under which it was 
developed. This soil occurs on slight rises in association 
with Webster silty clay loam areas or in bands between the 
Clarion and Webster soils. 
The Edina silt loam is a Pianosol which was formed from 
loess under grass on flat upland divides. The Edina soils 
are marked by distinct light to medium gray Ag horizons and 
dark olive mottled, sticky B horizons. Edina soils are some­
what poorly drained because of flat topography and heavy B 
horizons. The average thickness of the loess at the sites of 
the Edina soil profile is about eight feet. 
Field technique 
The plots were laid out in a randomized block split-plot 
design with two replications on each soil type. Each overall 
experimental area was 2k by 110 feet, with the individual 
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whole plot area measuring 12 by 24 feet. The size of the 
plots and the number of replications were selected to provide 
sufficient samples to account for the variability of each 
soil. Care was exercised to have the plots laid out on as 
uniform soils and slopes as possible in order that much of 
the random variability in the water movement through the pro­
file would be eliminated. Crops were removed from the land 
area, the area was thoroughly disked and the plot areas were 
leveled before infiltration rings were set in place. 
Within each replication ten infiltration rings were di­
vided into five pairs with each pair of infiltration rings 
representing a whole plot. The whole plot treatment consist­
ed of varying rates of water treatment. Each pair had a 
check subplot and a treated subplot with respect to nitrate 
treatment. 
The six-foot diameter infiltration rings used in the 
subplot settings were made of 22 gauge galvanized sheet metal 
strips, seven inches in width. The rings were placed on the 
mid-line of each subplot area with spacings of four feet be­
tween both subplots and whole plots. They were driven into 
the soil to a depth of three inches to insure a firm seal 
with the soil surface. The soil surface within the infiltra­
tion ring was thoroughly raked with a hand rake, leveled with 
a carpenter1s level and covered with burlap to prevent pud­
dling of the soil surface with additions of water. Initial-
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ly, before the addition of nitrate three inches of water were 
added to each ring to bring the soils to or near field capac­
ity. After this water had ceased to move and the soil sur­
face could be worked, the burlap was removed and the soil 
surface was again raked and leveled. 
Two rates of nitrogen (Nq and Nj_)^ were uniformly ap­
plied and raked, into the plots using either NaNO^ (16-0-0) or 
Ca(N02)2*^20 (12-0-0) as the nitrate carrier. The nitrate 
carrier used for the Ida silt loam was NaNO^ and was applied 
at the rate of 0 and 750 pounds per acre. The nitrate carri­
er for both the Nicollet silt loam and the Edina silt loam 
was Oa(NO^)2'4^2O and was applied at the rate of 0 and 1012 
pounds per acre. These rates were selected as bracketing the 
usual range of application of nitrogen to corn in Iowa. The 
range was also used to obtain a large enough difference for 
effective measurement.of the nitrate in sampling. 
The reason for changing the nitrate carrier after the 
initial experiment on the Ida silt loam was that it was found 
NaNO^ acted as a dispersing agent. This was evidenced by the 
differences in rate of infiltration between the check and 
treated plots. Approximately one-half of each two inch in­
crement of water applied on the plots treated with NaNOg re­
mained at the soil surface after the water had entirely in-
"^The nitrogen rates (0 and 120 pounds per acre of actual 
nitrogen) will be designated as Nq and Nj, respectively 
throughout this dissertation. 
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filtrated into the soil on the check plots. A change in the 
nitrate carrier was thought necessary because of the differ­
ences found .in water movement on check and treated plots. 
Therefore, in the subsequent experiments on the Nicollet and 
the Edina silt loam, CaCNOgjg.^^O was used as the nitrate 
carrier. 
After the nitrogen application the plots were again cov­
ered with burlap and addition of water immediately began. 
There were five water rates for each replication on each soil 
type. The water rates, Wq, W^, w'2, Wg and Wi+ were 0, 2, 4, 6 
and 8 inches of water, respectively. The amounts of irriga­
tion water needed to obtain these water rates were calibrated 
into gallon amounts and were applied with a five-gallon mea­
sure. The amounts of water were applied in increments of two 
surface inches at a time. Immediately after the water disap­
peared from the surface of the area within the infiltration 
rings, successive two inch increments were applied. This 
procedure was maintained until the specified treatment was 
applied to all plots. 
All water additions were completed oh all plots of the 
Ida and Nicollet locations within a one-day period. Due to 
the slowness of the Infiltration of water into the Edina, a-
bout a three-day period elapsed before the addition of water 
into the Edina silt loam was completed at the 6 and 8 inch 
water rates. 
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After the addition of water the rings were covered with 
sheets of black polyethylene .plastic in order to control e-
vapcration and to keep cut unmeasured precipitation. 
Percent moisture as a function of time curves for these 
soils obtained by Neilsen (83) were used to predict the time 
required for the applied water to cease to move materially. -
After a time interval for the movement of water to cease, the 
plastic and burlap were removed from the infiltration rings. 
Soil samples were taken at six inch intervals to a depth of 
five feet in each soil. The cores were taken with an open-
faced sampling probe. Six cores from each layer were compo­
sited for a sample. Upon extraction, the exposed surface of 
each core was scraped with a knife to eliminate any soil con­
tamination from the surface of the hole above the sample 
depth. The cores were composited and divided into equal 
parts for moisture and nitrate determinations. 
Seymour (105) found that from six to ten cores compos­
ited were adequate to give a satisfactory determination of 
the amount of nitrate present in larger plots of comparable 
Iowa soils. Since the samples for this experiment were taken 




The samples for moisture determination were placed in 
metal cans and sealed until they were brought to the labora­
tory. These samples were weighed, dried at 105° C. for 48 
hours and weighed again. Moisture percentages were calcu­
lated from the change in weight. 
The samples to be used for nitrate determination were 
placed in paper sacks and allowed to dry in the field. When 
the sampling was completed for the entire plot area, each 
sample was spread on greenhouse benches and air-dried. The 
samples were dried as quickly as possible in order to elimi­
nate nitrification subsequent to sampling and thus insure 
obtaining a true value for the nitrate present in the soil. 
After the samples were dried, they were stored in a cold room 
at 5° C. until nitrate analyses were made. 
Black (l4) has described the phenoldisulphonic acid 
method for determining nitrate. According to the method, a 
25-g.ram sample of soil is extracted by shaking with a solu­
tion of calcium sulfate. The suspension is filtered, and al-
iquots are evaporated to dryness. The dried residue is 
treated with phenoldisulphonic acid and then is made alkaline 
with ammonium hydroxide to develop the yellow color. The 
color intensity of the solutions was determined with an 
Evelyn photoelectric colorimeter with the 420 rpo. filter. 
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Statistical procedures 
The experimental data were analyzed by an analysis of 
variance. Methods for statistical analyses of the data are 
outlined by Cochran and Cox (25), Snedecor (112) and Ostle 
(87). The method used for the analysis of variance for the 
split-plot design was obtained from Cochran and Cox (25). 
Curvilinear regression equations were calculated using ortho­
gonal polynomials as outlined by Anderson and Houseman (4). 
Nitrate Absorption Experiment 
The overall objective of the nitrate absorption experi­
ment was to obtain more basic information on the efficiency 
of utilization of varied depth placements of nitrate by corn 
plants. The experiment was designed to: (1) determine the 
effectiveness of plant roots in absorbing nitrate from the 
soil horizons below the plow layer as related to properties 
of the entire soil profile, and (2) evaluate, thereby, the 
extent to which plant roots which overtake nitrate moved down 
into the profile ahead of planting may utilize this nitrate. 
In order to obtain these objectives an experiment was con­
ducted in the summer of 1959 in conjunction with the long-
term rotation-fertility experiment on the Agronomy Farm at 
Ames, Iowa. 
The general procedure was to characterize absorption of 
nitrate at different depths as a function of fertility levels, 
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previous cropping systems and general physical conditions of 
the soil. Thirty plots were selected in such a manner as to 
give a wide range of these factors. Table 2 gives the fer­
tility treatments, symbols, soil types and numbers for the 
plots used in this experiment. 
Description of experimental area 
The four-year and five-year rotation experiments on the 
Agronomy Farm were established in 1915 and occurred over 
three main soil types; the Clarion loam, the Nicollet loam 
and the Webster silty clay loam. The Agronomy Farm is lo­
cated near the southern edge of the Clarion-Webster Soil As­
sociation Area in Iowa. The principal soils of this associa­
tion owe their major differences to the different conditions 
under which they developed. As these soils occur on a hum-
mocky undissected ground moraine of late Wisconsin age, it is 
not uncommon for all of the major soils of this association 
to be present within a five-acre area. On this area, which 
is laid off in one-tenth acre units, there are a number of 
plots on Clarion loam, Nicollet loam and Webster silty clay 
loam. A brief description of each of these soil types which 
were used in this experiment and not previously described is 
listed below as adapted from Simonson et al. (109). 
Clarion loam is a member of the Brunizem (prairie) group 
formed from friable glacial till. The profile has a dark, 
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Table 2. Treatments on the relevant plots of the different 
crop sequences on the Agronomy Farm, Ames, Iowa 
Plot Soil Treatment Treatment 
no. type description symbol 
1. Continuous corn 
910 c Crop residue plus lime as needed. L 
909 N Check plot. No treatment. 
2. Corn. corn, oats, meadow 
and meadow 
Ck 
1000 N Check plot. No treatment. •Ck 
1001 N' -c^5 10 tons manure every 5 years. M 
1002 C-_N35 10 tons manure every 5 years 
plus lime as needed. 
ML 
1003 c- 10 tons manure every 5 years 
plus lime plus 1250 pounds rock 
phosphate on first-year corn. 
MLEP 
1004- c >  -N^° 10 tons manure every 5 years 
plus lime plus 120 pounds of 
0-20-0 on each corn crop and 
24-0 pounds on oats. 
MLP 
1005 N--C3° Check plot. No treatment. Ck 
1006 N. -ci5 Crop residue. Cr 
1007 N--W^O Crop residue plus lime. CrL 
1008 W--N^O Crop residue plus lime plus 
rock phosphate. 
CrLRP 
1009 W--N30 Crop residue plus lime plus 
120 pounds of 0-20-0. 
CrLP 
-*-C, N, and W are symbols for Clarion loam, Nicollet loam 
and Webster silty clay loam and the superscripts are approxi­
mate percentage of plots occupied by the minor soil types, 
the balance being in the major. 































3. Corn, corn, oats and meadow 
Check plot. No treatment. 
8 tons of manure applied once in 
4 years on first-year corn. 
2 tons of manure applied annually. 
8 tons of manure applied once in 
4 years plus lime as needed. 
12 tons of manure applied once in 
4 years plus lime as needed. 
Check plot. No treatment. 
16 tons of manure applied once in 
4 years plus lime as needed. 
20 tons of manure applied once in 
4 years plus lime as needed. 
8 tons of manure applied once in 
4 years plus lime plus rock phos­
phate applied at the rate of 1000 
pounds every 4 years on first-
year corn. 
8 tons of manure applied once in 
4 years plus lime as needed. 
Check plot. -No treatment. 
2 tons of manure applied annually. 
12 tons of manure applied once in 
4 years plus lime as needed. 
16 tons of manure applied once in 

























1407 N-W20 20 tons of manure applied once in 
4 years plus lime as needed. 
20ML 
l4o8 N-W20 8 tons of manure applied once in 
4 years plus lime plus rock phos­
phate applied at the rate of 1000 
pounds every 4 years on first-
year corn. 
8MLRP 
1410 W Check plot. No treatment. Ck 
slightly acid A horizon, an indistinct B horizon and a calcar^ 
eous C horizon. Clarion soils occupy low ridges and knobs, 
for the most part, and are naturally well-drained. The Clar­
ion loam has a dark colored zone of organic matter accumula­
tion which normally extends about 6 to 10 inches deep. This 
dark colored surface horizon is underlain by from 8 to 24 or 
more inches of a brown, well-oxidized upper subsoil (B hori­
zon) that is leached free of carbonates. This subsoil hori­
zon has a distinctly different structure than either the sur­
face or parent material, but there appears to be no distinct 
textural profile development. 
Webster silty clay loam is a Wiesenboden or Humic-Gley 
soil formed from friable glacial till. Under natural condi­
tions it is poorly drained because the soil lies in shallow 
basins. The Webster profile consists of a black, neutral to 
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alkaline, thick A horizon of a silty clay loam texture ; an 
indistinct B horizon of olive silty clay loam; and a light 
colored olive gray calcareous till C horizon. The Webster 
soils have more clay in the surface than either the Clarion 
or Nicollet. The surface soil is thicker and darker and the 
subsoil is dominantly gray, indicating the reducing condi­
tions under which the soil developed. Depth of leaching var­
ies widely. Some areas are leached to depths of 48 inches 
and others are calcareous at the surface. Most areas are too 
wet under natural conditions to be good farm land, but nearly 
all Webster soils can be drained with underground tile. 
Shrader (108) gives a more complete review of yield capabili­
ties, soil descriptions and chemical and physical nature of 
the soils used in this experiment. 
Field techniques 
This field experiment involved three different stages of 
work. The first stage involved the selection of the corn 
hills from each plot and the treatment of these hills with 
N^. The second stage involved the harvest of the corn 
plants from each of the corn hills at three different periods 
during the growing season. Soil samples were also taken from 
each of the plots during this stage of work. The third stage 
involved the preparation of the soil and plant samples for 
subsequent analyses. 
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Corn ( Iowa 4-570) was planted on plots 909 and 910 on 
May 15 and on the other plots used in this experiment on May 
18 in hills of three seeds each 26 inches apart in rows 4-2 
inches apart. 
Three hills, each containing three corn plants, were 
randomly selected from each of the thirty long-term plots 
with different past treatments or soil types. The adjacent 
hills in the row were removed a month before the injection of 
N^-5 so that nearly equal competition among plants could be 
obtained on all sides. The arrangement presumably also pre­
cluded much absorption of placed nitrate by adjacent hills. 
The injection of N-l-5 under the corn hills was begun 
July 21 approximately one week prior to silking time and was 
completed on July 26. A total of 24-2.44- mg. of nitrogen con­
taining 33 atom percent excess as KN-^O^ j.n two liters of 
solution was placed as a tracer in four evenly spaced injec­
tions of 500 ml. each under each corn hill. This quantity of 
nitrogen contained 80 mg. of excess N*^. The only variation 
in the N^-5 treatment was the depth at which the was in­
jected under the three corn hills in each plot. The injec­
tions of were centered at depths of 6, 24- and 4-2 inches. 
These depth treatments were randomly assigned to each of the 
three corn hills within each plot. The decision to use the 
80 mg. injection of excess per hill was based on a re­
view of experiments by Bartholomew et al. (6), Walker et al. 
(128) and Swedlund (119). The which served as a 
source of was obtained from Eastman Organic Chemicals. 
The four injections of the KN-^Og solutions under each 
corn hill were made with a hypodermic needle and syringe as­
sembly. Each corn hill was assumed to occupy a space pro­
portional to a circle with a 7 inch diameter. Two inches due 
north was measured from the outer perimeter of this circle. 
This point was established to be the point of injection for 
the first $00 ml. of solution. The remaining three 
injections were equally spaced around the perimeter of the 
circle. It was found by a previous trial of the syringe and 
needle assembly that an injection of $00 ml. of solution con­
taining India Ink as a dye, wetted a volume of soil propor­
tional to a sphere with a 12 inch diameter. The injection 
pattern for the four injections, assuming the sphere of soil 
wetted by the injection to have a diameter of 12 inches, ap­
proximated a cylinder 2 feet in diameter and 1 foot in height. 
The hypodermic needle assembly is essentially as de­
scribed by Murdock and Engelbert (8l). The main features of 
the needle are: (1) its small diameter which allows it to be 
pushed into the soil without disturbing the soil profile to 
any great degree, (2) its stainless steel tube which provides 
the needle with the rigidity needed for insertion into the 
soil and (3) the smaller diameter of the lower port contain­
ing portion of the needle than the shoulder of the needle 
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which provides a sealing action in the soil so that solution 
under pressure is not forced back up along the sides of the 
needle. The syringe obtained from Shickles Manufacturing 
Company, Fort Dodge, Iowa was an automatic, rapid filling, 
tapered, veterinary syringe which was connected to a reser­
voir with total capacity of 1000 ml. 
A record of the plots treated with N-5 on each day dur­
ing the injection period was maintained and in all instances 
the plants in all plots were sampled in such a manner so that 
there was an equal time interval between the time of injec­
tion and sampling. A random selection of the plants to be 
cut at each sampling in each of the hills was made before the 
first sampling. The first corn plant in each of the hills 
was removed on August b to 8 which was two weeks after appli­
cation of KN^O^. The second plant was cut two weeks later 
on August 18 to 22 and the third plant was allowed to remain 
in the field until maturity. Immediately after sampling the 
plants were weighed and the leaf blades were separated from 
the remainder of the plant; the separated parts were weighed 
and saved separately. The ear shoot was included and ground 
with the stalk portion of the plant in the first two samples. 
The grain was saved separately from the plant that was al­
lowed to reach maturity. 
The plant parts were placed in a drying oven and dried 
at 65° C. for five or six days. The plant parts were then 
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removed, weighed and ground on a Wiley mill. The ground 
plant material was thoroughly mixed and approximately 50-gram 
samples were taken from the bulk samples for Kjeldahl and 
mass spectrometric analyses. The samples were again dried 
for 48 hours at 65° C. just prior to weighing for the Kjel-
dahl total nitrogen analyses. 
Soil samples of twelve cores each were taken from each 
of the plots at the time of each plant harvest at depth in­
tervals of 0 to 6, 6 to 12, 12 to 24, 24 to 36, 36 to 48 and 
48 to 60 inches in the profile. These samples were compos­
ited and divided into three subsamples to be used for physi­
cal and chemical analyses. The soil samples were then 
treated in a manner suiting"the particular analysis that was 
to be made. 
Analytical methods 
The soil samples collected from this field experiment 
were used for the following determinations : (1) available 
moisture, (2) initial nitrate and rate of nitrification and 
(3) available phosphorus, exchangeable potassium, mechanical 
analyses, pH, organic carbon and total nitrogen. A discus­
sion of the methods used for the chemical analysis of the 
soil is presented in Appendix B. 
Stalk and leaf samples were analyzed for total nitrogen 
and N^-5 for each plant removed from each hill at each plant 
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sampling. An analysis .for total nitrogen and H*J was also 
made on the grain samples taken from the sampling made at 
maturity. 
Che-gram plant samples from this experiment were ana­
lyzed for total nitrogen according to the method described b 
Black (14) employing salicylic acid to include nitrate. A 
digestion period of at least five hours was used for all sam 
pies. Glasscock (32) and Wittenberg (9^) recommend that or­
ganic material should be digested for 12 to IS hours prior t 
analysis in the mass spectrometer. A preliminary study to 
determine the effect of digestion time on the values of atom 
percent excess N~'> obtained for the corn plant material was 
made. The data from this experiment indicate that very lit­
tle is to be gained by extending the digestion period for 
longer than one hour after the digest clears. A digestion 
.period of three to four hours past clearing was used for all 
i < 
samples to be used in determinations in this experiment. 
With this digestion time. no difficulty with interference 
was encountered in the mass spectrometer analyses. 
Standard sulfuric acid rather than boric acid was used 
to neutralize the distilled ammonia because the distillate 
had to be evaporated to obtain the desired concentration of 
nitrogen. Ammonia would have volatilized from boric acid 
during evaporation. Three to five mg. of nitrogen in two 
ml. of solution 0.02 to 0.05 normal with respect to sulfuric 
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acid was found satisfactory for analyses using the mass spec­
trometer. Thus, the evaporated distillates, which contained 
5 to 35 mg. of nitrogen, were made to volume accordingly. 
The presence of the methyl red-methylene blue indicator de­
scribed by Johnson and Green ( 5l) used in the sulfuric acid 
did not interfere in the analyses for as was shown by a 
preliminary study. 
The techniques used for the preparation of the nitrogen 
gas samples and the methods used in the calculation of the 
results were essentially those of Rittenberg (94). However, 
the sodium hypobromite was diluted prior to use with an equal 
volume of 0.2 percent potassium iodide. Two ml. of this so­
lution were added to one arm of a Rittenberg tube and two ml. 
of the test ammonium sulfate solution were added to the other 
arm. According to Sims and Cocking (110) the purpose of the 
potassium iodide--sodium hypobromite solution is to eliminate 
the catalytic breakdown of sodium hypobromite to sodium bro­
mide and oxygen by Cu++ ions. The Rittenberg tubes were 
evacuated in an apparatus similar to that described by Sprin-
son and Rittenberg (116). A manifold with six outlets al­
lowed six Rittenberg tubes to be evacuated at one time. The 
evacuations were performed by a combination of oil diffusion 
and mechanical pumps connected in series. After evacuation 
the solutions in the Rittenberg tubes were mixed and the re­
sulting nitrogen gas samples were collected and analyzed in a 
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Model 21-620 mass spectrometer manufactured by the- Consoli­
dated Engineering Corporation, Pasadena, California. The ma­
chine is equipped with a direct reading isotope ratio acces­
sory making it unnecessary to measure manually the relative 
heights of the 28 and 29 peaks of the Ng §as- This mass 
spectrometer is a sensitive measuring instrument and quite 
generally gave results reproducible within less than 0.5 per­
cent . 
The atom percent N-*-5 in the samples was calculated ac­
cording to the following formula: 
atom % N15 = IQOr 
2 + r 
where r is the ratio of mass 29 to mass 28. The atom percent 
N^-5 must be calculated from the values of r determined for 
the enriched samples and also for the normal isotopic mix­
ture. The value for the normal isotopic mixture used in this 
experiment (0.3663) was obtained from corn plant material 
taken from the experimental plots which had not been treated 
with excess N^5. This value is the same as the average 
quoted by Junk and Svec (55) for numerous normal nitrogen i-
sotopic mixtures. The atom percent of in the normal iso­
topic mixture was then subtracted from that of the enriched 
mixture to obtain the atom percent excess N^5 in each sample. 
The recovery of the by absorption was calculated on 
the basis of total weight of above ground portion of corn 
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plant, total plant nitrogen and atom percent excess N^5. 
The total nitrogen absorbed by the above ground portion 
of the corn plant expressed in mg. of nitrogen was calculated 
with the aid of the following equation: 
mg. total N absorbed = (^ N) ( g.—plant^material)(1000) . 
The mg. of N^-5 absorbed in the plant material was calculated 
in the following manner : 
mg. #5 absorbed = (mg. N in plantXatom % excess N1^) 
Statistical procedures 
The data for the variables associated with each of 
twenty-nine fertility plots were recorded on IBM cards for 
the multiple regression analyses. The statistical computa­
tions for the experiment were performed by the IBM 650 Com­
puter of the Iowa State University Statistical Laboratory. 
In the initial calculations, the machine 'calculated all the 
sums of squares and cross products corrected to the means, 
correlation coefficients, totals and means. The sums of 
squares and cross products of the selected variables then 
were recorded on IBM cards, the matrix was inverted and the 
regression equations were calculated by the IBM computer. 
The methods given by Anderson and Bancroft (3) were used to 
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calculate the t-tests of the regression coefficients and 
tests of significance of the reduction in residual error due 
to the regressions. 
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BESULTS AND DISCUSSION 
In accordance with the development of this investiga­
tion, the field experiments are discussed in chronological 
sequence. The results are presented to show first, effects 
of rates of nitrate and water additions on the movement of 
nitrate in soil and second, absorption of nitrate by corn 
from depth layers in the soil profile as related to soil pro­
perties. 
Nitrate Movement Experiment 
Distribution of applied nitrate as related to water additions 
Significant-*- amounts of nitrate applied at the surface 
of the Ida silt loam were leached and distributed at various 
depths within the soil profile, depending upon the particular 
water rate as shown in Table 3 and as illustrated in Figure 
1. The WqNj_s *^2^13 w3Nl and W^N]_ treated subplots re­
vealed significant losses of nitrate from the soil surface. 
For these subplots 35*7, 21.0-, 55-0, 12$.6 and 12$.5 pounds 
of nitrate-nitrogen were leached from the 0 to 6 inch depth 
layer at each of these water rates, respectively. It is in­
teresting to note that the 12$.6 and 12$.$ pounds at the 
^The terms significant and highly significant refer to 
the .0$ and .01 probability levels as described by Snedecor 
(112) and designated by the single (*) and double (**) as­
terisks according to common usage. Non-significant movement 
at acceptable odds will be designated by n.s. 
Table 3• Distribution of nitrate-nitrogen in pounds per acre in Ida silt loam as a 
function of depth, nitrate levels and water application 
Depth 
inches N0 Ni 
from - to w0 W]_ Wg W 3 W1+ Wo W]_ W2 w3 Wlf 
0 - 6  33 .5  23 .6  21.2 20.0 13.6 117.8 132 .5  65 .0  27 .9  28 .0  
6 - 1 2  16.2 12.8 7.4 8.7 6.5 21.6 36 .4  23.4 24.9 26 .2  
12 - 18 16.6 12.2 10.0 9 .8  7-7 14.6 19 .5  28 .5  17.2 18 .9  
nj i C
O i—1 
12.1 16.1 10.8 9.1 8.7' 8 .4  10 .9  17.3 21.8 27.4 
24  -  30  3.0 11.5 9.5 12.8 8 .7  4 .9  6 .9  12.4 23 .2  20 .8  
30  -  36  1.9 4.3 13.1 11.1 10.6 3.5 5.1 5.3 16.0 25 .0  
36 - 42 1.9 2.7 5.3 6 .0  10.3 2 .8  3.5 3.6 7.1 16 .8  
42 - 48 1.6 2.1 2.9 3.5 7.0 2 .2  2.8 2.5 4.3 8 .9  
48 - 54 1.7 2.3 2 .2  2 .2  4.5 2.9 2.1 1.7 2 .8  5 .8  
54 - 60 1.9 2 .2  1.5 2 .2  2 .8  1.7 1.5 1.6 2 .2  3.5 
Figure 1. Distribution of nitrate-nitrogen in pounds per acre in Ida silt loam as 
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and Vv'4 water rates are an estimation for the 120 pounds of 
nitrate-nitrogen per acre which were applied to the surface 
of these plots. This indicates that at these two water rates 
an amount exceeding all of the applied nitrate-nitrogen was 
leached from the 0 to 6 inch depth layer. The subsequent ap­
pearance of nitrate at various depths within the soil profile 
at each of the water rates accounted for a substantial quan­
tity of the nitrate-nitrogen which was applied originally. 
For example, highly significant increases in applied plus na­
tive nitrate-nitrogen (N^ plus NQ rate) could be detected 
down to the 42 to 48 inch depth layer in the Ida profile. 
However, some of the applied nitrate-nitrogen was not recov­
ered in the 0 to 60 inch profile sampled on some of the 
plots, especially those with high rates of water treatment. 
Significant amounts of nitrate equivalent to 30.0, 42.6, 
58.0 and 19.1 pounds of nitrate-nitrogen per acre were lost 
from the profile on the WqNj_, #2%, and Wi+Nj subplots. 
No explanation can readily be given as to why the 30 pounds 
of nitrate-nitrogen were lost from the WqNj_ subplots. How­
ever, this result appeared to be due to an aberrant observa­
tion on only one W0N]_ subplot since only 38.8 percent, of the 
applied nitrate-nitrogen was recovered in the WqNj_ subplot on 
the first replication while over 100 percent of the applied 
nitrate-nitrogen was recovered with the similar treatment on 
the second replication. It would be expected that results of 
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this nature would be more likely on the WQN^ subplots since 
water was not applied to these plots which would have helped 
to more uniformly distribute the applied nitrate-nitrogen on 
the surface. A gain of 11.8 pounds of nitrate-nitrogen per 
acre over the N^_ plus NQ rate was detected on the W^N^ sub­
plot. Figure 1 illustrates that the Nq subplots were some-
.what similar to the N]_ subplots in respect to the depth of 
penetration of nitrate-nitrogen with rate of water additions. 
For example, accumulations of nitrate-nitrogen at the 48 to 
54 inch layer could be detected on the W^NQ subplots. How­
ever, the quantities of nitrate-nitrogen accumulated at this 
depth were not significant. 
It was found, by modifying and using the procedure de­
scribed by Bates and Tisdale (8) for the calculation of the 
mean movement of applied nitrate-nitrogen, that mean movement 
of nitrate-nitrogen in the Nj_ subplots with the Wq, W^, Wg, 
and water treatments were 0.4, 2.2, 5.8, 14.8 and 17.1 
inches, respectively. The mean movement of nitrate as used 
in this experiment can be defined as being the average dis­
tance any quantity of nitrate-nitrogen applied at the soil 
surface moves. It must be pointed out that the mean movement 
calculations as applied to this experiment may give one a 
minimal value for the mean movement of nitrate. The reason 
for this is that the mean movement value does not consider 
the applied nitrate which was not recovered by the sampling 
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procedure. 
The quantity of applied nitrate-nitrogen accumulated at 
a particular depth was calculated by subtracting the nitrate-
nitrogen present at the particular depth in the WqNqs WjNq» 
V^Nqs WgNg and W^Nq subplots, respectively. Of the 120 
pounds per acre of nitrate-nitrogen applied with the eight 
inch water rate, 86.5 pounds per acre were leached and depos­
ited at the lower depths as follows: 19«7, 11.2, I8.7, 12.1, 
14.4, 6.5, 1.9, 1.3 and 0.7 pounds per acre in the 6 to 12, 
12 to 18, 18 to 24, 24 to 30, 30 to 36, 36 to 42, "42 to 48, 
48 to 54 and 54 to 60 inch layers, respectively. Essential­
ly, no differences in nitrate as compared to the WqNq subplot 
treatment were found at depths below 12 inches under the 
rate on the Ida silt loam at the Wq water rate. In the case 
of the and W^N^ subplots the deepest depths 
at which increases in applied nitrate could be detected were 
12 to 18, 24 to 30, 36 to 42 and 48 to 54 inch depths, re­
spectively. Only partial amounts, 90.0, 77.4, 62.0 and 100.9 
pounds per acre, of the Nj_ rate of nitrate-nitrogen applied 
to the Ida silt loam were recovered in the samples from the 
V/qN^i WgiN^, and W^Nj subplots, respectively. 
Highly significant amounts of applied nitrate-nitrogen 
were leached from the 0 to 6 inch depth layers of the WjN^, 
^2^13 '^3N1 and subplots on the Nicollet silt loam as 
shown in Table 4 and as illustrated in Figure 2. These quan-
Table 4. Distribution of nitrate-nitrogen in pounds per acre in Nicollet silt loam 
as a function of depth., nitrate levels and water application 
Depth 
inches N0 Ni 
from - to Wo Wj_ w2 w3 W4 Wo W]_ Wg w3 W1+ 
0 - 6  15-2 11.2 21.0 14.8 21.8 i$4.o 44.0 71.7 52.0 77.0 
6 - 1 2  5.0 7.0 5.4 7-3 13.6 23.8 28.6 32.8 25.8 27.4 
12 - 18 3.1 3.9 3.9 13-3 10.6 12.0 26.0 13.0 16.6 13.2 
18 - 24 6.6 2.9 3.8 2.9 3-3 6.1 7-6 8.0 7.2 7.2 
24 - 30 2.8 6.2 1.7 2.6 10.7 2.3 5.o 7-9 4.8 .6.3 
30 - 36 2.6 8.0 2.4 2.1 2.0 7-4 9.8 3.0 3.3 4.4 
36 - 42 2.3 2.2 1.5 2.1 2.4 5.6 4.1 2.5 3.5 5.4 
42 - 48 2.5 9.2 1.6, 3.0 2.1 3.3 3.1 1.9 3.0 4.2 
48 - $4 9.5 2.6 1.5 2.2 6.9 3.2 4.8 2.1 2.6 ; 2.6 
54 - 60 2.6 2.2 1.6 ,2.4 2.4 3.0 2.4 2.3 2.3 6.4 
Figure 2. Distribution of nitrate-nitrogen in pounds per acre in Nicollet silt 
• loam as a function of depth, nitrate levels and water application 
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titles were 91.2, 63-5, 83.2 and 58.2 pounds of nitrate-
nitrogen per acre for each of the subplots., respectively. 
Significant. Increases of nitrate-nitrogen at the 24 to 30 
inch depth layer were obtained with thé v.4 water rate. Con­
sidering the subplots there were significant increases 
in nitrate-nitrogen which could be detected at the depth of' 
24 to 30 inches as shown in Table 4 and as illustrated in 
Figure 2. This increase occurred at the same depth where a 
slight significant increase was detected on the .'.i+Nq subplot, 
also. Thus, it appears that the maximum depth where signi­
ficant nitrate increases occurred on the Nicollet silt loam 
for both the Nq and N^_ rates was at the 24 to 30 inch depth 
layer. It should be noted that at this layer the quantities 
of nitrate accumulating were rather small, although signifi­
cant. 
Of the 120 pounds per acre of nitrate-nitrogen applied 
on the Nicollet silt loam with the eight inch, water rate, 
31.6 pounds were leached and deposited at the lower depths 
as follows: 13.8, 2.6, 3• 9,' 2.4, 3»0, 2.1 and 4.0 pounds per 
acre in the 6 to 12, 12 to 18, 18 to 24, 30 to 3c, 3c to 42, 
42 to 45 and 54 to 60 inch layers, respectively. Nitrate ac­
cumulations- over and above the N]_ plus Nq rate were detected 
on the wqN-l subplots. In the case of the W^N^, WgN^ 
and VJ^N^ subplots the depths at which increases of applied 
nitrate could be detected were 18 to 24, 36 to 42, 42 to 48 
and 54 to 60 inches, respectively. Only partial amounts, 
80.0, 100.8, 68.4 and 78;3 pounds per acre of the rate of 
nitrate-nitrogen applied to the Nicollet silt loam were re­
covered in the samples. Substantial quantities of applied 
nitrate-nitrogen apparently were left in the surface six 
inches, even at the eight inch water rate. Apparently 32.8, 
50.7, 37-2 and 55-2 pounds of applied nitrate-nitrogen per 
acre remained in the surface six inches of soil in the ".\i, 
WgN]_, and V/lN]_ subplots, respectively. 
Values calculated for the mean movement of applied 
nitrate-nitrogen on the Nicollet silt loam at the WQ, 
W2, W3 and 1% water rates were 3«0, 8.2, 6.3, 5-6 and 7*6 
inches, respectively. Thus, there appeared to be a rather 
constant mean movement of nitrate for all rates of water. 
These rather constant values may be explained on the basis 
that the added water dissolved the nitrate at the surface and 
proceeded to move-downward depositing some : nitrate above the 
two-foot depth. It is possible that below this depth the wa­
ter converged into larger pores and moved out of the profile 
rapidly and, therefore, deposited only non-significant a-
mounts of nitrate in the lower part of the profile. 
Figure 3 illustrates that significant nitrate movement 
generally was detected only to the 6 to 12 inch depth for the 
Edina silt lôàm. Quite substantial amounts of nitrate-
nitrogen over that originally applied were detected at the 
Figure 3. Distribution of nitrate-nitrogen in pounds per acre in Edina silt loam 
as a function of depth, nitrate levels and water application 
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0 to 6 inch depth layer at the Wq and water rates. The 
gains on the WqN]_ and subplots were 24.9 and 40.7 pounds 
of 'nitrate-nitrogen per acre, respectively. However, with 
the w2, W3 and water rates on the N]_ subplots significant 
losses of nitrate-nitrogen were obtained. The losses for the 
"^2^1» '^3^1 an<^ ^ 4^1 subplots were 40.6, 34.5 and 46.7 pounds 
of nitrate-nitrogen per acre, respectively. 
Table 5 shows that of the 120 pounds per acre of nitrate-
nitrogen applied to the subplots on the Edina silt loam at 
the eight inch water rate, only 20.2 pounds could be detected 
at lower depths of which 13.8 pounds were found at the 6 to 
12 inch depth layer and 3-6. and 2.-5 pounds of nitrate-nitrogen 
were found at the 12 to 18 and 54 to 60 inch depth layers, 
respectively. Larger quantities of applied nitrate were de­
posited at deeper depth layers with the W3 water rate .than 
with the water rate. It was indicated that 35.1 pounds of 
the applied nitrate-nitrogen had been displaced from the 0 to 
6 inch depth layer to deeper layers with the Wg water rate. 
With this water rate an increase of 10.7, 7.2, 9-3, 1.9, 2:2, ' 
3.0 and 0.8 pounds of nitrate-nitrogen was found at the 6 to 
12, 12 to-18, 18 to 24, 24 to 30, 30 to 36, 42 to 48 and 54 
to 60 inch depth layers, respectively. No significant in­
creases for the N0 nitrogen treatment were detected with any 
water rate for the Edina silt loam as illustrated in Figure 
3. Again, as with the Ida and Nicollet silt loams only par-
Table 5. Distribution of nitrate-nitrogen in pounds per acre in Edina silt loam as 
a function of depth, nitrate levels and water application 
Depth .. „ 
inches ^0 
from -- to Wo Wi Wg w 3  Wlf W0 W 1  W2 \v3 Wl+ 
0  - 6 16.8 12.2 15.2 18.8 12.6 152 .5  138.0 81 .4  69 .5  69.5 
6 - 12 13.2 11.5 11.4 10.8 14.5 10.5 21.3 25.8 21.5 28.3 
12 - 18 8 .8  6.4 6. 5 6 .7  6.6 9 .2  12 .3  8.2 13 .9  10.2 
18 - 24 7.2 7.2 8 .0  6 .3  7.5 9 .4  9.6 11.0 15 .6  6 .8  
24 - 30 7-6 6.6 7.1 6.1 5.9 10 .7  20. 4  7.5 8.0 6 .2  
30 - 36 6 .8  6 .0  5.2 4.4 6 .2  10 .9  6.0 6.4 6.6  4.5 
36 - 42 4.7 5.7 $ .2  4.2 4.9. 6 .2  6.1 5.4 4.2 4.2 
42 - 48 5.2 5.1 4.7 3-7 4.3 5 .8  5.4 5.8 6 .7  4.2 
48  - 54 3.5 5.6 13.4 4.5 4.8 5.3 6.1 4.5 4.2 4.2 
54 - 60  5.4 5.2 4.2 4.1 5.1 3.6 7.0 4.3 4.9 7.6 
•o 
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tial quantities of the applied nitrate-nitrogen were recov­
ered. On the k'2N]_, and w^N]_ subplots only 79 .4, 85.5 
and 73 «3 pounds per acre of the applied nitrate-nitrogen were 
recovered in the samples. The Edina silt loam behaved simi­
larly to the Nicollet silt loam and differently from the Ida 
silt loam in the respect that larger quantities of applied 
ilitrate-nitrogen were not leached from the surface six inches 
of these soils at the higher water rates. At the and ^  
water rates 50.7 and 56.9 pounds of applied nitrate-nitrogen 
remained in the surface six inches in comparison to only 7-9 
and 14.4 pounds of nitrate-nitrogen per acre in the surface 
six inches for the Ida silt loam at these same water rates. 
Of the quantities of nitrate-nitrogen gained for the V/q 
and vJ2 water rates, it should be noted that 15-7 pounds of 
nitrate-nitrogen were gained in the 0 to 6 inch layer. The 
depletion of nitrate-nitrogen in the surface with the V.g, ^ 
and ,vl water' rates for the Edina soil amounted to 55-4, 67-3 
and 67.3 pounds of nitrate-nitrogen per acre, respectively. 
It can be observed from Table•5 that the deposits of nitrate-
nitrogen in the Edina silt loam profile for all water rates, 
with one exception, were significant only at the 0 to 6 and 
6 to 12 inch depths. •It is interesting to note that the • 
clay pan which is present in the Edina silt loam profile be-, 
gins at about 18 inches. Thus, it appears that very little 
nitrate leached into the compact layer while most of the ap­
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plied nitrate remained above this layer and for all practical 
purposes ceased to move further downward. The mean movement 
of nitrate-nitrogen calculated for the Edina soil remained 
rather constant over all water rates and the calculated mean 
movement of nitrate-nitrogen for all water rates gave an av­
erage value of 3.7 inches. 
When consideration is given the entire second replica­
tion of the Edina silt loam, it will be noted that the 
nitrate-nitrogen found in the samples taken from all depths 
from both the In^ and.îjQ treated subplots was generally higher 
than for the first replication. These values for both repli­
cations are given in Appendix A. In fact there was a highly 
significant difference between replications on the Edina silt 
loam. This difference between replications may have been due 
to the fact that the water applications applied to the second 
replication did not behave similarly to those applied on the 
first replication. The infiltration o'f water into the plots 
on the first replication was much more rapid than for the 
second replication, thus, a longer time interval of two weeks 
before sampling resulted. It appears that the difference in 
quantity of nitrate-nitrogen recovered may be explained on 
the basis of a longer time interval available for nitrifica­
tion. 
Significant quantities of nitrate over arid above the a-
mount applied plus native soil nitrate (N^ plus rate) were 
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obtained in the samples from the subplots for the Ida 
silt loam, from the WqN^ subplots for the Nicollet silt loam 
and from the and subplots for the Edina silt loam. 
This phenomenon was also observed by Rohweder (97) at the W'Q 
water rate and 120 pounds of nitrate-nitrogen rate working 
with the Webster, Carrington and Muscatine silt loams. He 
found that although the 120 pounds of nitrate-nitrogen treat­
ment gave an unexplained increase in the total nitrate in the 
profile, there was no increase in the total nitrate as a re­
sult of added water. Rohweder (97) hypothesized that the 
gain in nitrate may have been due to an indirect effect of 
the nitrate additions. Rohweder also advanced another hy­
pothesis to explain this situation.in which he proposed that 
alternate wetting and drying conditions might induce organic 
matter in the soils to release nitrogen containing compounds 
which presumably would be converted to nitrate. However, 
since the conditions of this experiment were such that the 
plots were covered with plastic sheets and remained moist 
from the time that the nitrate was applied to the subsequent 
sampling, the condition for the second hypothesis was inop­
erative . It could be possible that the addition of nitrate 
fertilizer stimulated the microbiological population to pro­
duce additional quantities of nitrate-nitrogen. 
It should be observed that the apparent nitrate-nitrogen 
increases occurred mainly at the low water rates. This could 
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indicate at least one or two possibilities. First, it is 
possible that the extra water was inhibitory to nitrification 
processes at the higher water rates or second, the additional 
rates of water were instrumental in removing the nitrate ac­
cumulated on these plots. If the second possibility was the 
actual case, this would indicate that the method used to cal­
culate apparent movement of the applied nitrate is overesti­
mating the applied nitrate recovered in the soil profile and 
is underestimating the actual movement of applied nitrate-
nitrogen on the higher water rate plots. Neither the over-
estimation or the underestimation could be readily adjusted 
for as there is not any absolute way of knowing the differen­
tial increases of nitrate at each of the water rates or ni­
trate rates. However, if the increase is of about the same 
magnitude for both the Nj_ and NQ nit rate-nitrogen rates, the 
method of calculation of apparent recovery of applied nitrate 
is valid. 
There is some evidence to support the contention that 
the increase of nitrate was not independent of the rate of 
nitrate application. This evidence comes from the fact that 
nitrate over and above the amount applied plus the native 
soil nitrate (Nj plus NQ rate) were obtained in the samples 
taken from either the WqN^ or W^N^ subplots on all three 
soils studied. However, it should be remembered that the ap­
parent nitrate increase was mainly at the surface on the 
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plots which had been given the low rate of water treatment 
combined with the high rate of nitrate-nitrogen treatment. 
If the nitrate-nitrogen increase occurred as the result of a 
stimilatory effect that was directly proportional to the a-
mount of applied nitrate, this process would not have been 
expected to occur with as great a rate on the plots given the 
high water rates because the large quantities of the applied 
nitrate at the surface were leached away by the water addi­
tions to lower depths almost as soon as they were applied. 
Thus, unless the nitrification process was extremely rapid, 
it could not have occurred at the same rate on the high water 
plots, since in most instances the nitrate and water were 
added to each replication on each soil type within a one-day 
period. 
It would be expected that most increases of nitrate 
would occur within the surface layer since this is the maxi­
mum layer of microbiological activity. Since this expecta­
tion seems substantiated on the basis of this experiment, it 
seems valid to assume that the quantity of nitrate recovered 
from layers other than the surface six inches were not mate­
rially influenced by nitrification which apparently occurred 
at the surface soil layer. 
When comparing the and the W^Nq subplots with the 
WgNj and WqNq subplots, respectively for all three soils, it 
can be observed that the added water apparently removed some 
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of the native nitrate initially present in the soil from the 
0 to 6 inch layer. However, quantities of nitrate-nitrogen 
removed from the Nq treatment generally were not as great 
percentage-wise as the total removed from the surface of the 
subplots with the N-| treatment. These percentages were cal­
culated using the quantity of nitrate-nitrogen present at the 
surface of the WqN]_ and WqNq subplots as the divisor at each 
of the water rates for the quantities of nitrate-nitrogen 
present at the surface of the and Nq plots, respectively. 
For instance, only 2.6 percent of the total nitrate initially 
present in the Nicollet silt loam was removed from the sur­
face of the W^Nq subplot, while 66.2 percent of the applied 
nitrate was removed by this water treatment from the surface 
of the subplot. The same relationship held true with 
few notable exceptions for all three soils. Rohweder (97) 
observed when comparing the 120 pounds and 60 pounds of-
nitrate-nitrogen per acre rates with none applied on the 
Tburman sand, that the fall and winter precipitation removed 
additional nitrate normally present in the soil from the 0 to 
6 inch layer. However, the applied nitrate was removed by 
the precipitation much more efficiently than was the native 
nitrate. Rohweder (97) recognized that this fact was diffi­
cult to explain as it would be assumed that the precipitation 
would affect all three rates in the same manner. He gave the 
possibility that the added salts may have inhibited natural 
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production of nitrates in the soil at sometime during the 
course of the experiment. 
Another possibility which may help explain the removal 
of applied nitrate preferentially over native nitrate in the 
present experiment may be that the applied nitrate was mixed 
only with the top one or two inches of soil when applied. 
However, the native nitrate which was more uniformly distri­
buted throughout the whole six inches of soil and which also 
may have been occupying positions more in equilibrium with 
the entire top six inches of soil remained behind percentage­
wise in larger quantities. 
An alternative hypothesis to explain the smaller rela­
tive loss of nitrate-nitrogen from the NQ plots than from the 
N]_ plots with the increasing water rates will be given. The 
difference between nitrate loss at the surface of the NQ and 
N^ plots may be a great deal more apparent than real, since 
the NQ plots may have lost as much nitrate percentage-wise 
initially as the Nj_ plots. However, if nitrate increases oc­
curred due to nitrification during the time elapsed while the 
water was reaching equilibrium with the plots, a great deal 
more nitrate-nitrogen would be added when considered on the 
basis of the percent already present to the NQ plots than to 
the Nj_ plots. 
Since it appears that nitrate increases due to nitrifi­
cation may have occurred during the experimental period, it 
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is difficult to get a good estimate of the magnitude of ni­
trate movement on the Nq plots. There is good evidence, how­
ever, that there was a general decrease of native nitrate at 
the surface with increasing water rates. There were signifi­
cant increases of nitrate at depth over the WQNQ treatment, 
indicating that nitrate movement did occur with increasing 
rates of water additions at the NQ rates. The data obtained 
from the NQ plots are of great importance in assessing the 
fate of applied nitrate-nitrogen on the Nj_ plots. 
As water permeability depends upon water content, the 
flow of water will be influenced by the moisture distribution 
through the profile previous to infiltration of added water. 
The problem of redistribution of water within a soil profile 
has many variations, depending upon existing conditions. 
Typical examples would be water entering a uniform soil over­
lying a course gravel subsoil, water entering an initially 
dry soil which continues to exhibit a dry layer below the 
deepest water penetration and water entering a soil posses­
sing a water table which is reached by at least a fraction of 
the added water. Because of these reasons three inches of 
water were added to each of these profiles before the experi­
ment began in an attempt to bring the soils all to a moisture 
level approximating field capacity. This amount was decided 
upon after considering the previous recorded precipitation at 
the sites. 
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The attempt to bring the entire profiles to a moisture 
level approximating field capacity probably was unsuccessful 
on the Ida and Nicollet silt loams as shown in Tables 6 and 
7 and as illustrated in Figures 4- and 5« However, these fig­
ures do indicate that the top foot of the profiles was ap­
proximately at field capacity, but below this depth layer 
Table 6. Percent of water by weight as an average of four 
moisture determinations on two replications in the 
Ida silt loam 
Depth 
inches Water application in inches per acre 
from ' - to 0 2 4 6 8 
0 - 6 25.90 25.77 25.76 26.53 27.31 
6 - 12 20.74 22.19 22.38 24.02 23.14 
12 - 18 19.69 21.30 21.46 23.32 22.86 
18 - 24 19.36 21.39 21.64 23.96 23.72 
24 - 30 18.23 21.56 22.34 24.03 24.46 
30 - 36 18.98 21.06 21.64- 23.96 23.72 
36 - 42 17.93 20.68 20.54 22.38 24.37 
42 - 48 15.86 19.92 19.18 22.89 24.26 
48 - 54 13.21 15.45 15.92 20.92 21.88 
54 - 60 9.90 11.59 9.89 15.77 19.13 
differences were observed among the moisture percentages, de­
pending upon the rate of water addition. Table 8 shows and 
Figure 6 illustrates that the moisture percentages at all wa­
ter rates were very similar on the Edina silt loam, thus in­
dicating that the entire soil profile was at approximately 
field capacity before the experiment began. No consistent 
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Table 7* Percent of water by weight as an average of four 
moisture determinations on two replications in the 
Nicollet silt loam 
Depth 
inches water application in inches per acre 
from - to 0 2 4 6 8 
0 6 24.6$ 25.41 26 .19 25.69 24.57 
6 - 12 21.30 18.95 21 .58 23.22 21.48 
12 - 18 19.21 16.40 19 .68 20.25 17.94 
18 - 24 17-34 14.02 17 .58 18.54 17.56 
24 - 30 16.51 15-61 18 .15 18.05 17.41 
30 - 36 14.78 14.37 17 .31 16.44 17.28 
36 - 42 15.78 12.94 17 .06 17.03 17.06 
42 - 48 14.51 12.86 17 .03 16.14 14.94 
48 - 54 15.81 11.49 11 .90 16.43 14.06 
54 - 60 13.38 11.59 11 .00 14.76 15.00 
increases of moisture beyond the one foot depth could be de­
tected on this soil and apparently the same relationship 
holds quite well for the applied nitrate as illustrated in 
Figure 6. 
By converting the percent moisture by weight values ob­
tained in this experiment into percent moisture by volume 
values and comparing with percent moisture by volume values 
taken at regular intervals in these soil profiles as a func­
tion of time by Neilsen (83) it was possible to ascertain how 
far the individual soil layers were from field capacity. For 
example, these comparisons revealed that after the total of 
11 inches of water had been added to the Ida profile, every 
layer probably reached field capacity with the exception of 
Figure 4. Moisture percentages by weight at various depth intervals in Ida silt 
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Figure 5• Moisture percentages by weight at various depth intervals in Nicollet 

















Table 8. Percent of water by weight as an average of four 
moisture determinations on two replications in the 
Edina silt loam 
Depth 
inches Water application in inches per acre 
from • - to '0 2 4 6 8 
0 - 6 30.78 28.33 31.16 32.80 31.54 
6 - 12 28.79 28.22 28.93 29.42 30.34 
12 - 18 29.48 30.14 31.66 29.22 31.04 
18 - 24 • 32.80 36.09 38.22 37.75 36.57 
24 - 30 37.34 38.11 39.62 39.03 39-42 
30 - 36 32.92 34.55 36.52 35.85 36.28 
36 - 42 31.58 30.60 32.90 32.59 32.84 
42 - 48 30.42 27.60 31.43 30.20 29.81 
48 - 54 26.41 25.42 25.64 26.21 26.48 
54 - 60 26.4? 23.36 25.53 25.33 24.32 
the 54 to 60 inch layer There appeared to be a gradual 
transition in moisture on the Ida silt loam at the lower lay­
ers increasing toward field capacity as the rate of water ad­
dition increased from the 0 to 8 inches. The Nicollet silt 
loam was very similar to the Ida silt loam insofar as prior 
moisture status was concerned. However, much greater varia­
bility in the percent moisture at each of the water rates in 
the lower depth layers was obtained. 
A comparison of the moisture values obtained with those 
of Neilsen's (83) revealed that the Wl treated plots were 
rather far removed from field capacity at depths between 42 
to 48, 48 to 54 and 54 to 60 inches. As has been stated pre­
viously, the entire profile of the Edina silt loam was ini-
Figure 6. Moisture percentages by weight at various depth intervals in Edina silt 
loam as affected by water additions 
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tially at field, capacity and the additions of water used at 
this site did not seem to increase materially the moisture 
percentages at the various depths. 
If only the soils that were not initially at field ca­
pacity are considered, then a study of the relation of in­
crease in moisture at a particular depth to the increase in 
nitrate at that same depth can be made. With the addition of 
two inches of water on the Ida silt loam a definite increase 
in percent moisture was detected to the 45 to 54 inch layer. 
However, an increase in nitrate could only be detected to the 
24 to 30 inch depth and this quantity was not statistically 
significant. The significant Increase in nitrate-nitrogen in 
pounds per acre was obtained at the 6 to 12 inch depth layer 
with this water rate. With the four inch water rate a sub­
stantial increase in moisture could be detected to the 54 to 
60 inch depth. This same relation holds true for the W^ and 
W)j_ water rates also. It appears that an increase in moisture 
was obtained about 18 inches below the significant increase 
in nitrate-nitrogen. This phenomenon may be explained on the 
basis that the moisture initially present in the soil profile 
was pushed ahead of the wetting front initiated by the addi­
tion of the varying increments of water. Since moisture ini­
tially in the profile was nearly devoid of nitrate-nitrogen, 
very little increase in nitrate at the depths reached by this 
moisture would be expected. 
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By using the data of Neilsen (83) for the bulk density 
of these soils, it was possible to calculate the amount of 
water which was lost from each of the soils at each of the 
water rates. There appears to be some relation for the Ida 
and Nicollet silt loams between.the added water accounted for 
by the increase in percent moisture at the different depth 
layers and the added nitrate accounted for in the 0 to 60 
inch soil profile as shown in Table 9 • The relation is bet­
ter when one considers the plots on an individual basis and 
Table 9• Percent recovery of applied nitrate-nitrogen and 
water for the Ida, Nicollet and Edina silt loams 
First replication Second replication 
Recovery Recovery 
Water nitrate- Recovery nitrate- Recove: 
Soil rate nitrogen water nitrogen water 
(in./A.) m (%) . m m 
Ida 0 38.8 100.0 
' 2 100.0 100.0 100.0 68.0 
4 16.9 . 44.2 87.7 28.8 
6 28.8 67.1 64.6 69.7 
8 57.7 52.2 93.8 61.6 
Nicollet 0 100.0 100.0 
2 63.0 $2.0 75.4 56.5 
4 60.6 2$.0 . 84.3 75.8 
6 69.$ 42.5 47.9 43.7 
8 100.0 11.7 63.7 18.8 
Edina 0 100.0 100.0 
2 • 100.0 12.5 100.0 33.0 
4 25.9 10.2 100.0 70.5 
6 52.0 3.2 74.1 32.3 
8 32.0 6.7 78.4 23.8 
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not as an average of replications. The reason for this may 
; be because of individual variations in the plot areas such as 
cracks, mole holes, etc., or failure to get a firm seal of 
the infiltration ring with the soil surface. 
Probably the failure for the percent applied water re­
covery to equal the percent applied nitrate-nitrogen recovery 
in all instances can be explained on the basis that the first 
increment of water moving through the soil contained a high 
concentration of nitrate ions in solutions. Thus, on a per­
centage basis, much more nitrate may have been lost than 
moisture. On the other hand, the first increment of water 
may have been effective in moving the high concentration of 
nitrate to a position within the soil profile where it could 
be sampled. Even though subsequent additions of water may 
have been lost, these later water additions would not have 
been as effective .as the first water increments in moving the 
nitrate to positions in the soil profile where they could not 
have been detected by the sampling procedure. Such logic can 
be used to explain both variations of the percent recovery of 
nitrate-nitrogen when this value was either smaller or larger 
than the percent recovery of the water applied. 
The loss of nitrate-loss of water logic is not too real­
istic for the Edina silt loam since the whole profile was at 
approximately field capacity before the nitrate or water ad­
ditions. Since there were no depth layers deficient in mois-
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ture at the beginning of the experiment, it is impossible to 
observe the stage by stage increase of moisture at the vari­
ous depths. Thus, one has no procedure for determining 
whether the moisture obtained in the samples came from the 
water applied at the surface or the water was initially pre­
sent . It is conceivable that the water added at the various 
rates moved at least part of the initial moisture down 
through the profile. This evidently must be a slow process 
on the Edina silt loam since it took approximately two weeks 
for the water to disappear from the surface of the plots on 
the second replication. There is evidence supplied by recov­
ery of applied nitrate at horizontal distances away from the 
infiltration rings on the Edina silt loam which leads one to 
believe that at least part of the water and nitrate was not 
moving downward, but in a lateral direction. For example, 
samples taken from the 0 to 6 inch depth layer at 6, 12, 18 
and 24 inches away from the infiltration ring in the first . 
replication which had been given the water treatment 
showed increased accumulations of nitrate-nitrogen equivalent 
to 36.0, 19-0, 14.0 and 5*0 pounds per acre, respectively. 
It should also be pointed out here that part of the unex­
plained loss of nitrate from the soil profiles of all three 
soils may have been as a result of denitrification. The wa­
terlogged surface layers of the high water rate plots on the 
Edina undoubtedly presented a favorable environment for de-
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nitrification processes. 
Table 10 illustrates the significant or highly signifi­
cant distribution pattern of nitrate-nitrogen in the three 
soils as related to the varying water rates. A linear trend 
appeared to exist for the Ida silt loam between the depth to 
which nitrate was moved and the rate of applied water. Some 
trend appears to exist for the Nicollet silt loam but the ef­
fect does not seem to be as marked as for the Ida silt loam. 
The linear effect was probably somewhat obscured on the Ni­
collet silt loam due to the fact that highly significant in­
creases of nitrate-nitrogen were detected at the 12 to 18 
inch depth with the Wq rate. 
The distribution pattern of applied nitrate-nitrogen for 
the Edina silt loam profile possibly may be explained on the 
basis of pore size distribution. The Edina silt loam has 
been shown to have a much smaller percentage of large pore 
spaces, and a corresponding larger percentage of small pore 
spaces (2). The greater amount of small pore space would 
have retarded downward movement because the greater amount of 
water held by the compact layer would have to be displaced 
before the applied nitrate and water would be free to move. 
As a result the nitrate-nitrogen in the depth layer above the 
compact layer was more concentrated. The nitrate-nitrogen 
distribution pattern for the Edina silt loam could be pre­
dicted from the results of Bates and Tisdale (8). These in-
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Table 10. Significant and highly significant distribution of 
nitrate-nitrogen applied at the rate of 120 pounds 
per acre in the Ida, Nicollet and Edina silt loams 
as a function of depth and water application 
Depth 
inches water rates in inches per acre 
Soil from - to 0 2 4 6 8 
Ida 0 - c * * ** *  *  - ** 
6 - 12 * # *  *  *  *  ** 
12 - 18 * * * 
18 - 24 *  * * 
24 - 30 * *  
30 - 36 ** 
36 - 42 
42 - 48 
48 - 54 
54 - 60 
Nicollet 0 - 6 * * *  *  *  *  *  *  
6 - 12 *  *  * * *  *  * * ** 
12 - 18 *  *  *  *  *  *  
18 - 24 * *  *  * 
24 - 30 * * 
30 - 36 
36 - 42 
42 - 48 
48 - 54 * 
54 - 60 
Edina 0 - 6 *  *  ** *  *  *  *  • * * 
6 - 12 * *  * *  *  
12 - 18 
18 - 24 
24 - 30 * 4c 
30 - 36 
36 - 42 
42 - 48 
48 - 54 
54 - 60 
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vestigators found that the mean movement of nitrate was re­
lated to the pore space distribution of the soil when it was 
expressed as a porosity index. These workers observed for 
four soils which contained a smaller percentage of large pore 
space in relation to the percentage of small pore space, that 
the distribution pattern of nitrate was compacted into a 
small volume of the soil column. They explained the more 
compact distribution pattern on the basis that greater amount 
of small pore space would have limited downward movement be­
cause the greater amount of water held from a previous leach­
ing treatment would have to be displaced. The nitrate-
nitrogen distribution pattern observed by Bates and Tisdale 
(8) on soils with a high percentage of large pore space is 
somewhat similar to the pattern noted on the Ida and Nicollet 
silt loams. 
Analyses of variance for the distribution of nitrate-
nitrogen in pounds per acre in the Ida, Nicollet and Edina 
silt loams as a function of depth, nitrate levels and water 
application are presented in Tables 11, 12 and 13, respec­
tively. It is noted in the analysis of variance for the Ida 
silt loam that the water rate is significant at the .10 pro­
bability level. This simply indicates that the quantity of 
nitrate found at any depths is related to the quantity of 
applied water. The nitrate level was very highly signifi­
cant. This indicates that the quantity of nitrate found at 
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Table 11. Analysis of variance of distribution of nitrate-
nitrogen in pounds per acre in Ida silt loam as a 
function of depth, nitrate levels and water appli­
cation 
Source of Degrees of Sums of Mean 
variation _ freedom squares squares F 
Total 199 75,550 .82 
whole plots 9 771 .77 
74* Replications 1 .79 319 .79 19-
Water rates (W ) 4 387 .16 96 • 79 5-97a 
Error a 4 64 .82 16 .20 
Subplots 10 4,763 .53 
4,150 65-86 ** Nitrate levels (n) 1 4,150 .52 .52 
N x W 4 297 .93 74 .48 n. s. 
Error b 5 315 .08 63 .02 
Sub-subplots 18 
.40 45. Depths (D) 9 33,090 3,676 .71 05** 
Error c 9 734 .60 81 .62 
Remaining 162 
13,564 44** D x w 36 . 06 376 .78 12. 
D x N 36 11,218 .77 311 .63 10. 29** 
D x W x N 9 8,954 .26 994 .92 32. 85** 
Error d 81 2,453 .43 30 .29 
^Significant at the .10 probability level. 
particular depths is related to the quantity of nitrogen ap — 
plied. The N x W interaction was found non-significant which 
indicates that the effect of applied nitrate on observed ni­
trate in the soil profile was not affected by the quantity of 
applied water. In all instances for all three soils D x W, 
D x N and D x ¥ x N interactions were all highly significant. 
The significance of depths indicates that the quantity of ni­
trate found at a depth is related to the particular depth 
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Table 12. Analysis of variance of distribution of nitrate-
nitrogen .in pounds per acre in Nicollet silt loam 
as a function of depth, nitrate levels and water 
application 
Source of Degrees of Sums of Mean 
variation freedom squares squares F 
Total 199 76 ,596 .24 
Whole plots 9 879 .72 
Replications 1 23 • 32 23 .32 
.46 * Water rates (W) 4 755 .20 188 .80 7 
Error a 4 101 .20 25 • 30 
Subplots 10 6 ,108 .11 
51 Nitrate levels (N) 1 5 ,011 .00 5,oii .00 .12** 
N x W 4 606 .98 151 .74 n .s. 
Error b 5 490 .13 98 .03 
Sub-subplots 18 
,407 .49 Depths (D) 9 35 393 .42 25 .41** 
Error c 9 139 .36 15 .48 
Remaining 162 
,688 .43 D x W 36 7 213 • 57 10 .52** 
D x N 36 17 ,359 .62 482 .21 23 .75** 
D x W x N 9 7 ,369 .13 818 .79 40 .33** 
Error d 81 1 ,644 .38 20 • 30 
from which the sample was taken in the profile. The analyses 
of variance were conducted in the same manner for the Nicollet 
and Edina silt loams. As discussed previously, there was a 
highly significant difference between replications for the 
Edina silt loam which possibly can be explained on the basis 
of the difference in time involved in sampling the two repli­
cations. The difference between replications was non-signi­
ficant for the Ida and Nicollet silt loams. A much shorter 
period of sampling was used for these soils. Water rate was 
102 
Table 13• Analysis of variance of distribution of nitrate-
nitrogen in pounds per acre in Edina silt loam as 
a function of depth, nitrate levels and water ap­
plication 
Source of Degrees of Sums of Mean 
variation freedom squares squares F 
Total 199 106,981.69 
Whole plots 9 3,076.99 
24.14 Replications 1 2,08$.93 2,085.93 * *  
Water rates (W) 4 647.18 161.80 n. s. 
Error a 4 343.88 89.57 
Subplots 10 6,531.21 
5,738.42 141.83 Nitrate levels (n) 1 5,738.42 =f * 
N x W 4 590.48 147.62 n.s. 
Error b 5 202.31 40.46 
Sub-subplots 18 
48,951.14 53.48 Depth's (D) 9 5,439.02 * *  
Error c ~ 9 915.42 101.71 
Remaining 162 -
D x W . 36 7,065-49 196.26 6.76 *  *  
D x N 36 32,739.08 909.42 31.32 * *  
D x W x N 9 5,350.51 594.50 20.47 * * 
Error d 81 2,351.85 29.04 
nearly significant for the Ida silt loam, significant for the 
Nicollet silt loam and non-significant for the Edina silt 
loam. The non-significant water rate for the Edina silt loam 
would be expected since the mean movement and least signifi­
cant difference analyses showed that the movement of nitrate-
nitrogen was approximately to the eight inch depth for all 
water rate additions. It should be noted that the N x ¥ in­
teraction was non-significant for all three soils. 
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It seemed desirable to fit mathematical functions to the 
data in order to quantify the observations that have been 
pointed out above ins an attempt to extend the theory of the 
nitrate-water-depth relationships. The distribution of ni­
trate as a function of depth within each soil, each nitrate 
treatment, and each water level was determined by fitting a 
multiple regression equation according to the method of 
Anderson and Houseman (4) involving orthogonal polynomials. 
The value of this approach lies in the fact that the result­
ing equations may be integrated between any limits and the 
quantity of nitrate between these limits may be calculated. 
In this manner it is possible to answer such questions as to 
what depth must roots penetrate to reach one-half of the ap­
plied nitrogen, or how much more .of the applied nitrate is 
within a given distance of the surface under conditions of 
lesser water applications. 
Generally, very good fit of the orthogonal polynomials 
to the data were obtained. An average R^ of 0.9806 was ob­
tained for the N]_ treatment using the fifth degree term while 
an average R^ of 0.8844 was obtained for the NQ treatment, 
considering all three soils used in this experiment. 
The analyses of variance to test the validity of using 
the fifth order equations were carried out. Table 14 pre­
sents the type of analysis used to test the significance of 
the terms. Quite generally, either the fourth or fifth de-
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Table 14. Test of significance of the regression equation 
fitted to the distribution of nitrate-nitrogen as 
a function of depth and water rate data for the 
Nicollet silt loam with additions of 120 pounds of 
nitrate-nitrogen and eight inches of water. 







Uncorrected sums of squares 9 74,920 
Linear regression 1 35,984 35,984* 
Deviation from 
linear regression 8 38,935 4,867 
Second degree term 1 25,900 25,900** 
Deviation from 
quadratic regression 7 13,035 1,862 
Third degree term 1 9,196 9,196** 
Deviation from 
cubic regression 6 3,838 640 
Fourth degree term 1 3,380 3,380** 
Deviation from 
quartic regression 5 459 92 
Fifth degree term l 256 256 
Deviation from 
quintic regression 4 202 51 
gree or both terms were statistically significant with the N-j_ 
rate at all water rates for the Nicollet silt loam and the 
Edina silt loam. The significance of these higher degree 
terms indicates that the sum of squares accounted for by re­
gression were materially reduced by including the fourth and 
fifth degree terms. Only the first degree term was signifi­
cant for the N-, rate at the and water rates for the Ida 
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silt loam while all of the terms were significant for the Wq 
and Wj rates. The first and. second degree terms were signi­
ficant for the Wg rate. Quintic equations derived at each 
nitrate level and at each water rate are given in Appendix A. 
Nitrate Absorption Experiment 
Preliminary examination of the relationships 
It is readily observed from Table 15 that the average 
N^5 absorption by the corn plants from the thirty plots dur­
ing the first experimental period was of greater magnitude 
from the D-^ or upper depth layer than from the two lower 
depth layers (Dg and D3). However, during the next two ex­
perimental periods the absorption from the and depth 
layers increased and by the end of the third experimental 
period the N-^ absorption from these deeper layers exceeded 
the absorption from the D-j_ depth layer. 
Apparently, most of the N-l-5 was absorbed from the sur­
face layer during the first two-week experimental period with 
the average increase of N-^ absorption for the two remaining 
experimental periods being only a little over one mg. Sever­
al reasons may be advanced to explain this situation. Root 
activity within the surface layer may have diminished marked-
4rhe symbol D with subscripts, 1, 2 or 3 refers to the 
depth layers of N1^ placement centered at 6, 2b or 4-2 inches, 
respectively. 
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Table 15. Average absorption of excess lfl5 in mg. by corn 
plants during three experimental periods from soil 
layers centered at varying depths under three 






First Second Third absorption 
6 5-34 6.78 7.26 19.38 
24 3-81 5.23 8.46 17.50 
42 1.96 4.04 8.39^ 14.39 
aAverage absorption from 29 plots since one corn plant 
in Plot 14-02 died before the first sampling dates. 
lypossibly due to low available water during the latter 
part of the growing season. Another possibility is that the 
N15 injected may have been mostly immobilized by microbial 
activity. Either of these reasons could possibly explain 
this situation and quite possibly a combination of the above 
factors was active. 
The greater N-^ absorption from the Dg and layers 
during the latter part of the growing season means that the 
roots of the corn plant removed a greater proportion of the 
nitrate which was present at these deeper layers than it did 
from the surface layer. This is due to the fact that the N^5 
injected at the surface layer had a much larger dilution fac­
tor than the N^-5 injected at the other two layers. This 
statement is substantiated on the basis that initial nitrate 
1Q7 
tests revealed that larger quantities of nitrate were present 
in the 0 to 12 inch depth layer than in deeper layers on most 
of the plots. Also soil tests further revealed that the rate 
of nitrification was considerably greater for the 0 to 12 
inch depth layer, thus, indicating that the potential for in­
creased dilution of the nitrate in this layer was greater 
throughout the experiment. 
The possibility exists that placed at the deeper 
layers may have moved upward with changing water tensions. 
However, this seems unlikely since the soil within the 
depth layer on many of the plots was near, at or below the 
wilting point when the first sampling of corn plants was tak­
en during August 4 to 8 and the water content of this depth 
layer was even more exhausted at the second sampling of corn 
plants during August l8 to 22. It is observed from Table 15 
that very little absorption had occurred from the D3 
depth layer at this time, with most of the absorption from 
this layer resulting during the last experimental period. 
According to Lebedev (67) salts do not move at moisture lev­
els below maximum hygroscopicity. Thus, it appears unreason­
able to assume that changing water tensions would influence 
nitrate to move upward through layers of soil at or below the 
wilting point and therefore, most of the absorption from 
the D3 depth undoubtedly was due to root activity within this 
layer. The observation of corn roots in the soil samples 
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taken from the 48 to 60 inch depth layer in nearly all the 
plots at the second sampling and the decrease in available 
moisture at this depth during the second experimental period 
is evidence for root activity in the Dq depth layer. Also, 
Murdock and Sngelbert (3l) observed that corn plants readily 
absorbed P^2 from layers comparable to the ones used in this 
investigation. Based on the above evidence it was assumed 
that upward movement of the was negligible. 
Average total III? absorption during the overall experi­
ment from each depth layer for all thirty plots is also given 
in Table 15- It is noticed that the magnitude of absorption 
from the three depth layers is in the order Dj_^>, indi-
eating when considering the total quantity of r. absorbed by 
all three plants in a hill from a particular depth layer dur­
ing the entire experiment, more vas absorbed from the 
surface layer of soil. However, if all three plants in .a 
hill had remained until maturity, instead of one plant, total 
average absorption would probably have been greater from 
the two lower depth layers. This conclusion is based cn the 
fact that the 11-^ absorption was of greater magnitude from 
the D0 and D-% depth layers than from the D]_ depth layer by 
the corn plants that were permitted to reach maturity. 
The individual changes in mg. excess 21-^ absorbed by the 
corn plants from each of the hills on the plots' among the 
three experimental periods were calculated. Several negative 
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values were obtained perhaps, indicating the variability of 
the experimental material. In several instances it was no­
ticed that a high negative value for N^-5 absorption between 
two experimental periods was associated with a low total dry 
weight value for the corn plant which failed to absorb appre­
ciable quantities of N^-5} thus indicating that the roots of 
the smaller corn plant may have had less root activity and 
thus much less'absorptive potential for the n!5 than did the 
roots of larger plants in the corn hill. Some of the nega­
tive values may have also been due to the loss of leaves from 
the bottom portion of the corn plant during the latter part 
of the growing season. 
Table 16 shows the quantity of absorbed during the 
three experimental periods from each depth layer on the thir­
ty plots based on plant composition of from each of the 
three samplings. Total absorption for the whole experi­
ment from each depth layer for each plot is presented in Ta­
ble 17- The ranges in total N~5 absorption for all samplings 
from the D]_, I>2 and D3 depth layers were 30.47 mg. on Plot 
1402 to 10.95 mg. on Plot 909, 26.74 mg. on Plot 1406 to 7.52 
mg. on Plot 909 and 21.74 mg. on Plot 1402 to 5.32 mg. on 
Plot 1103, respectively. It is interesting to note that Plot 
1402 had the largest N-*-5 absorption from the D3 depth layer 
even though only two corn plants were active in absorbing the 
from this layer during the experiment. The range in per-
Table 16. Total nitrogen, excess^and dry matter of the corn plants which were 
previously treated with N1? at varying depths in the soil under the corn 
hills 
Sampling dates 















































































































































































































Table 16.  (Continued) 
Sampling dates 









































2  $9 
4 .87 
3.63 

































































































































































































Table 16.  (Continued) 
Samp11ng dates 





















































































































































































































































Table 16.  (Continued) 































































































August 18-22, 19 59 
Corn N^-5 
plant Total excess 
weight N absorbed 
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September 24-28, 19$9 
Corn Nl5 
plant Total excess 































































Table 16.  (Continued) 
Sampling dates 
August 4-8,  1959 August 18-22, 1959 September 24-28, 1959 
Corn N15 Corn „15 Corn N i5  
plant Total excess plant Total excess plant Total excess 
Plot Depth weight N absorbed weight N absorbed weight M absorbed 
(in.) (g. ) (g.) (mg.) (g. ) (g. ) (mg. ) (g. ) ( g . )  (mg.) 
l4o8 6 306 3.48 7.84 399 4.19 7.63 386 6.01 5.89 
24 245 3.16 7.30 359 3.81 9.31 389 4.34 6.89 
42 283 3.15 7.55 340 4.02 3.28 381 4.41 7.81 
1410 6 179 2.28 6.27 345 3.42 9.31 372 3.88 5.21 
2b 177 1.79 4.73 200 2.02 2.20 363 3.94 13.44 
42 189 2.00 2.51 234 2.02 6.74 318 3.25 7.72 
909 6 151 1.14 3.89 147 1.28 6.00 52 0 .49 . 1 .54 
24 69 $ .03 1.63 110 0.96 1.05 122 0.97 4.83 
42 79 6.87 1.65 135 0.61 2.27 123 1.01 8.27 
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Table 17. Total N^-5 excess absorbed by three, corn plants 
from each depth layer on thirty plots during the 
overall experiment 
Total Total Total 
ill 5 Ni5 n15 
excess excess excess 
Plot Depth absorbed Plot Depth absorbed Plot Depth absorbed 
( in. ) ( m g . )  ( i n . )  ( m g . )  ( in. ) ( m g . )  
910 6 10.95 1001 6 21.39 1108 6 21.00 
24 19-81 24 9 . 7 6  24 21.73 
42 11.39 42 8.13 42 15.97 
1010 6 20.33 1000 6 19.88 1109 6 23.41 
24 19.79 24 13.80 24 21.43 
42 15.92 42 16.90 42 17.61 
1009 6 21.09 1100 6 17.91 1110 6 23.92 
24 13.80 24 17.86 24 23.88 
42 17.50 42 10.05 42 20.83 
1008 6 21.34 1101 6 14.98 1402 6 30.47 
24 17.50 24 17.74 24 13.64 
42 17.44 42 12.26 42 21.74a 
1007 6 19.76 1102 6 13.81 l4o6 6 21.64 
24 16.11 24 11.72 24 24.00 
42 11.72 42 5.32 42 18.40 
1006 6 17.34 1103 6 18.17 1406 6 17.59 
24 17.21 24 21.71 24 26.74 
42 11.14 42 17.44 42 18.04 
1005 6 16.74 1104 c 20.19 1407 6 20.72 
24 11.56 24 14. 5 5  24 24.82 
42 11.50 " 42 6.86 42 - 19.46 
1004 6 16.75 1105 6 16.82 1408 6 21.36 
24 9 . 3 7  24 18.09 24 23.50 
42 13.75 42 8.22 42 18.64 
1003 6 21.99 1106 6 20.58 1410 6 20.79 
24 15-76 24 19.69 24 20.38 
42 10.28 42 11.44 42 16.97 
1002 6 17.75 1107 6 21.98 909 6 11.43 
24 12.69 24 19.10 24 7 . 5 2  
42 10.27 42 16.36 42 12.19 
aTotal Nx5 excess absorbed by only two plants since one 
corn plant from this hill died before the first sampling 
dates. 
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cent recovery of the 80 mg. of excess injected into each 
of the depth layers under three hills on each of the thirty 
plots vas 38.0 to 6.6 percent. It should be pointed out that 
$15 absorption was investigated through only part of the 
growing season and only the above ground portion of the 
plants was harvested and that it could reasonably be expected 
that substantial quantities of N-*-2 were in the roots of the 
corn plants. The percent recoveries in this experiment, 
although not high, are generally within the range of applied 
nitrogen recoveries by crops reported from both field and 
greenhouse experiments by several investigators ($, 6, 4-9, 
103, 119, 131). 
Selection of plant, soil and management factors for multiple 
regression analyses 
Several soil and management factors differing among the ' 
plots were considered as having possible influences on the 
absorption by corn from the various positions within the 
soil profiles. The soil factors were percent total nitrogen, 
percent organic carbon, initial nitrate, rate of nitrifica­
tion, pHj exchangeable K from field moist samples, exchange­
able K from air-dry samples, available phosphorus and avail­
able soil moisture. The management factors were the number 
of years from the last manure application, rate of manure ap­
plication, number of years from meadow, phosphorus fertiliza­
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tion, lime application and cropping systems. 
In a preliminary examination of the data, relationships 
between or among the variables were studied first, graphi­
cally and secondly, by simple correlation analyses to deter­
mine which ones should be included in the multiple regression 
models. Graphing the total absorbed by the corn plants 
from each depth layer against the various soil variates indi­
cated that several relationships did exist. It was possible 
to obtain several variates within each possible soil variable 
since values from five different depths in the soil on each 
of the thirty plots were determined. Data'from the thirty 
plots were considered in the preliminary examination, but da­
ta from only twenty-nine plots were included in the multiple 
regression analyses since a corn plant on Plot 14-02 of Dg 
died before the first sampling dates. 
The problem arose as to whether the most representative 
1 ^  
variable to which absorption was related would be the 
value obtained for the soil variate from the 0 to 6 inch 
depth layer, an average value of the two surface depth layers 
or the average or sum of the values obtained for the entire 
soil profile. It was possible by graphing the various rela­
tions to eliminate some of the variates which appeared to 
have little effect on N-5 absorption. Where it was impossi­
ble to ascertain the better relationship by simple graphical 
methods, the variates obtained from the various soil depths 
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•were included in preliminary correlation analyses. It was 
possible by examination of the simple correlation coeffi­
cients to select the variates that appeared to have possible 
influences on 1^5 absorption. 
The values for mg. of absorbed by individual corn 
plants from each depth layer within individual plots during 
each experimental period were selected as dependent variables 
for the multiple regression analyses. Several other depend­
ent variables were, obtained by combining these individual 
plant absorption values in various manners as are indi­
cated by their designation. These dependent variables were 
the combined mg. of l'A5 absorbed for all three depth layers 
during each experimental period, thé change in mg.. of N-^ 
absorbed from each depth layer by corn plants between experi­
mental periods, the total mg. of absorbed from each of 
the three depth layers for the overall experiment and the to-
1c-tal combined mg. of N y absorbed from the three depth layers 
by corn plants during the full course of the experiment. Al­
so, included as dependent variables were the 1959 total crop 
yield in bushels of corn per acre from the plots and the mg. 
of total nitrogen content of the nine corn plants harvested 
from each plot » These dependent variables and their symbols 
by which they are to be designated hereafter are shown in Ta­
ble 18. 
The various independent (X) and dependent (Y) variables 
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Table 18. The dependent (Y) variates included in the calcu­
lations of the sums of squares and cross products, 
correlation coefficients and multiple regression 
analyses 
Y variate Variate description 
Yi absorbed during- first experimental period 
1 from D]_ 
Ya2 N-^-5 absorbed during first experimental period 
from D2 
Yag N^-5 absorbed during first experimental period 
from Dg 
Y^jl $15 absorbed during second experimental period 
from 
Yb2 N-^-5 absorbed during second experimental period 
from L>2 
Yuo $15 absorbed during second experimental period 
from Dg 
Ycj_ absorbed during third experimental period 
from 
YC2 absorbed during third experimental period 
from D2 
Yco $1$ absorbed during third experimental period 
from 
Y^_ Total Nl5 absorbed per plot during first exper­
imental p e r i o d  
Yg Total $l5 absorbed per plot during second ex­
perimental p e r i o d  
Yq Total 1^5 absorbed per plot during third exper­
imental p e r i o d  
Y^^ Total H-^-5 absorbed over all periods from 
Y^2 Total absorbed over all periods from D2 
Y^ Total $l5 absorbed over all periods from Û3 
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Table 16.  (Continued) 
Y variate Variate description 
% Total absorbed per plot over all periods 
?al_ •bl Change in $15 absorbed between first 
ond sampling periods from D^ 
and sec-
%a2: •b2 Change in îjl'5 absorbed between first 
ond sampling periods from Dg 
and sec-
^a3-•b3 Change in absorbed between first 
ond sampling periods from 
and sec-
Ybl-•cl Change in N^-5 absorbed between 
sampling periods from Dj_ 




Q M c2 Change in absorbed between 
sampling periods from D^ 
second and third 
yb3-c3 Change in N-^-5 absorbed between 
sampling periods from D3 
second and third 
Yal-cl Change in N-*-5 absorbed between 
sampling periods from 
first and third 
Ya2_ c2 Change in absorbed between 
sampling periods from Dg 
first and third 
Ya3-c3 Change in N^-5 absorbed between 
sampling periods from Do 
first and third 
Total nitrogen content of nine 
moved from each plot 
corn plant 3 re-
Ycy Crop yield in bushels per acre 
included in the correlation analyses and the resulting simple 
correlation coefficients (r) are given in Table 19- An exam­
ination of the correlation coefficients reveal several rela­
tions between and among the variables. The following soil 
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Table 19• Linear correlation coefficients (r) between the X 
variates associated with the Y variates and be­
tween the X variates and the Y variates 
/ariates ^ N N r  
Variates 
Ni ^ C % Clay Kd 
# N 1.00 .60 -.11 .93 .71 .65 
Nr 1.00 .07 .54 .28 • 56 
Ni 1.00 .23 - .30 -  .36 
# C 1.00 • 72 .60 
% Clay 1.00 .25 
Kd  1.00 
PK Sml 
Variates 
Sm2 Sm3 SM4 Sm5 
^ N .38 .23 .42 -.14 -.11 -.11 
N r  .36 -.23 .03 -.20 -.13 -.14 
Ni .48 -.34 -.04 .10 .05 .09 
^ C .46 
% Clay .22 • 31 .45 .24 .34 .38 
Kd • 36 
PK 1.00 .13 .12 -.30 -.15 -.12 
sml 1.00 • 56 • 35 .08 . .20 
SM2 1.00 .19 .27 .16 
SM3 1.00 .65 .80 
SM4 1.00 .67 
^M5 1.00 
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Table 19.  (Continued) 
Variâtes 
Variâtes Cg ^NxLy 
^ N -.13 -.16 . 26 -.32 • 39 .28 
NR -.03 -.11 .63 -.11 .28 .38 
NI • .24 -.38 .24 -.71 .52 -.72 
^ C -.08 .20 -.19 .25 
% Clay .29 -.02 .00 -.16 .15 .26 
Kd -.28 • 35 .12 -.14 
PH -.12 -.19 • 30 • 51 -.22 .81 
2 ml .08 .22 -.23 .0$ .01 .15 
Sm2 .09 .15 -.20 -.33 • 47 -.02 
sm3 .76 .24 .07 -.03 -.26 -.14 
^m4 • 76 -.08 -.09 -.07 -.22 -.14 
^rri5 .81 -.35 .12 -.09 -.19 .00 
"m6 1.00 -.19 .21 .24 -.06 -.13 
% 1.00 -.84 .12 — • Oy -.07 
Mr 1.00 .01 .05 .26 
Ly 1.00 -.80 .78 
cs 1.00 -.44 
JÊNxLy 1.00 
Varia .tes 
zfcîïj #NxNf ^NxClay #NXCG /oNxMy #NXKY: 
^ N .42 .84 .92 .82 .02 • 30 
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Nr .35 .92 .48 .46 .32 .66 
Ni .84 -.08 -.25 .21 -.32 ' -.33 
% c : 
% Clay 
TZ , 
.04 • .53 .91 .11 .22 
PH .23. .45 • 34 .06 -.15 .58 
^ml -.19 .01 « 32 .18 .24 .02 
SM2 .11 .17 .46 .54 .29 .03 
^M3 -.01 -.18 . 06 -.27 -.27 -.08 
N^I4 -. 06 -.14 .12 -.24 -.08 -.06 
-.02 -.14 .13 -.22 -.30 .00 
^m6 .01 —. 01 .07 -.25 -.35 -.04 
% -.39 -.35 -.11 -.08 .96 -.32 
Mr .34 • 54 .15 .12 -.82 .54 
Ly -.77 -.12 -.22 -.65 -.05 .43 
cs .60 .26 .24 .83 .10 -.06 
%NxLy -.50 .45 .32 -.10 -.11 .76 
^NxNi 1.00 • 36 .23 .58 -. 26 -.18 
^NxNp 1.00 .74 .62 -.22 .62 
^NxClay 1.00 .69 .04 .28 
^NxCg 1.00 .14 .12 
foNxMy 1.00 -.31 
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Table 19.  (Continued) 
Variâtes 
Variâtes ^NxNj ^NxNr ^NxClay ^NxCs ffiJxMy ^NxMyxMr 
#MxMyXMr 1.00 
Variates 
Yal ?a2 Ybl %b2 Yb3 
^ N • 33 .25 • 07 .46 .54 .48 
Nr .39 .27 .22 .16 • 34 -.03 
Ni -.13 -.45 -.14 .08 - .18 - .26 
=% C 
.27 .25 .16 .46 .68. • 55 
% Clay .15 • 34 .01 .25 .50 .28 
Kd .29 .25 .15 .22 • 35 .21 
PH .21 • 37 .44 -27 .36 .46 
S ml .07 .21 - .01 -.07 .24 .32 
Sm2 .02 • 34 .12 .13 .30 .21 
sm3 . -.11 -. 26 — . 06 - .28 .11 -.17 
2m4 - .22 .00 • 15 -.17 .13 - • 03 
^m5 -.11 -.17 .10 - .21 -03 - .16 
^m6 -.11 - .20 .09 -.13 .06 -.19 
% -.30 .08 - .24 .07 -.11 .10 
Mr • 32 - .08 .21 -.03 .14 - .04 
Ly - .04 .09 .20 -.24 -.01 .10 
n 
us .26 .20 -.03 .09 • 05 -.09 
^NxLy .28 •37 .35 - .05 • 32 .29 
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Table 19.  (Continued) 
Variâtes 
Variâtes Yal ?a2 Ya3 Ybl %b2 Yb3 
.01 
-.35 -.11 • 36 .10 .07 
• 36 .28 .15 .29 .49 .22 
^Nx^Clay .24 • 30 .02 .39 • 58 .46 
%NxCg .32 • 27 -.01 • 31 .33 .26 
^NxMy -.23 .15 -.22 .16 -.04 .15 
fsNxMyXMr • 35 .45 • 33 -.29 .42 .07 
Yal 1.00 .31 .30 -.24 .26 .04 







-.02 .24 .08 
Ybl 1.00 • 32 .45 
Yb2 1.00 .49 
Yb3 1.00 
Variâtes. 
Ycl yc2 YC3 YA Y3 YC Ytl 
% N .45 .18 .36 .29 .63 .44 • 75 
Nr .31 .22 • 31 .39 .20 .39 .4b 
Ni .25 -.18 -.26 -.35 -.16 -.16 .16 
^ C • 38 .18 .34 • 71 
% Clay .29 .02 .42 .12 .25 .45 • 43 
-.02 .28 • 36 • 30 
p5 .08 • 32 .19 .47 .46 .31 • 34 
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Table 19.  (Continued) 
Variâtes 
Variâtes Ycl YQ2 YC 3 Ya Y3 YC Ytl 
^ml .15 • 34 .20 .13 .22 • 35 . 06 
Sm2 .29 -.08 .21 .24 .27 .17 .28 
sra3 -.09 .17 .00 -.21 .13 .06 .31 
-. 23 .01 -.16 -.02 -.02 -.15 
-.37 
Sm5 -.01 .07 .11 -.08 -.14 .09 -. 22 
Sm6 -.06 .20 -.08 -.11 -.10 .05 -.18 
My -.19 -.19 .08 -.17 .02 -.13- -.19 
mr • 30 • 38 .11 .17 .04 .38 .29 
Ly -Al .22 .06 .12 -.05 .02 -A4 
cs -65 -.29 .14 .19 .02 .12 • 57 
%NxLy -.06 .29 • 31 .45 .25 • 31 .05 
Al -.03 -. 06 -.23 .22 .08 • 52 
^NXNF • 33 • 30 Al • 35 A3 .51 . 61 
^Nx^Clay -3ti .14 .40 . 26 . 61 .42 . 62 
.68 -.08 • 32 .26 .38 • 34 • 78 
^NXMy -.04 - .22 .14 -.10 .11 - .06 .00 
%MxMyXMr .31 .21 • 34 .51 .11 .40 .12 
Yal .10 -.02 .14 • 30 
Ya2 .25 -.14 .18 .13 
Ya3 -.06 -.05 -. 16 .08 
Ybl .00 .il .10 .64 
Yb2 .29 .26 .16 .52 
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Table 19.  (Continued) 
yc3 
Variâtes 
Variâtes Yd Y^z Yc3 %C %tl 
Y%2 -11 -24 -.13 .4 
YCI 1.00 .01 .39 .64 
YC2 1.00 .27 .OS 
1.00 .2$ 
Y^ 1.00 .06 .17 




Yt2 Yt3 Y t4 YN Yal-bl Ya2-b2 Ya3-
^ N • 53 .63 • 75 .45 .21 .02 • 39 
Nr .46 .31 • 50 .40 -.05 • 05 • 15 
Ni -.41 -•43 - .32 .70 .12 .07 -.15 
C .61 .68 .80 .34 
/o vlay .44 • 52 .56 • 17 • 13 • 15 .24 
Kd .49 .48 • 53 .06 
PH • 57 .62 .64 -.17 • .11 .08 • 17 
Sml .46 .36 • 39 -.12 - .09 • 09 • 29 
Sni2 .25 • 36 .36 • 30 .09 .06 .12 
Sa3 .07 -.14 -.12 .04 -.17 • 27 - .12 
Sm4 .08 - .08 -.10 .06 - .03 • 11 -.10 
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Table 19.  (Continued) 
Variâtes 
'ariates Yt2 Yt3 Yt4 Y* Yal-bl Ya2-b2 Ya3-b3 
S m 5 .00 .02 -.06 ,02 -.11 .13 -.20 
G me .08 -.15 -.07 .18 -.05 .18 -.21 
Mi- -.16 .04 -.12 -.54 .19 -.15 .22 
Mr • 31 .14 • 30 .46 -.17 .18 .14 
h .18 .19 . .03 -.84 -.17 -.06 -.01 
cs -.09 .04 .15 • 73 -.05 -.08 -.06 
$ïxLy • 53 .57 • 50 -.49 -.17 .05 .07 
-.10 
-.05 .09 .82 .28 .32 .12 
.60 
-53 .70 .39 .06 .27 .12 
^Nx^Clay .55 .62 -72 • 31 .20 .34 .39 
/bNxCg . .24 .41 .53 . 66 .0? • 13 . .23 
^NxMy -.11 .12 .00 - >36 • 23 -.13 .25 
%NxM,xM_ > 1  ' -57 .44 .49 - .06 -.33 .09 -.11 
Yal . -25 .03 • 23 .14 
Ya2 .43 .23 .34 - .03 
Ya3 .25 • 31 .27 .04 
Tbl .18 .36 .44 .23 
Yb2 .67 -53 • 70 .18 
Yb3 .41 .58 • 57 - .08 
Ycl .27 • 35 .48 .54 
Yc2 .65 • 35 .48 -.03 
YC3 .34 . 64 • 50 .08 
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Table 19- (Continued) 
Variâtes 
" -2-b2 Ya_Vb3 Variâtes Yt2 Ytl Yt4 yN Yal-bl 
-A .43 .27 .39 .05 • 
-B .55 .64 .74 .14 
YC .63 .65 .69 .20 
Ytl .41 .50 .71 • 56 
Yt2 1.00 . 64 .27 .69 .02 
Yt3 1.00 .37 • 03 .27 
Yt4 1.00 .22 .24 
yN 1.00 .12 
Yal-bl 1.00 
Ï"a2-b2 . 1-00 .45 
Ïa3-b3 1-0° 
variâtes 
Ybl-cl Yb2-c2 Yb3-c3 Yal-cl Ya2-c2 Ya3-c3 Ycy 
% ' -.09 -.21 -.02 .18 .02 .27 .43 
Nr • 07 -.05 .25 .02 .05 .17 • 39 
% .09 -.02 -.04 .29 .07 -.16 .64 
^ c .28 
% Clay .02 .31 .14 • 15 • 15 .35 .11 
:<d .03 
pH - .16 .02 -.13 - .06 .08 -.23 -.18 
sml .15 .11 -.04 .09 .18 • 17 -.09 
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Table 19.  (Continued) 
Variâtes 






«3 M Ya2-c2 Y&3-c3 Yc'y 
Sm2 .09 -.26 .03 .24 -.23 -13 .24 
Sm3 .16 .06 .09 -.01 • 27 .02 -. 04 
sm4 .01 -.07 -.01 .06 .01 -.19 -.10 
.16 .04 .18 .06 .13 .05 -.07 
^m6 .0? .12 .05 .02 .25 —. 10 .02 
Ky -.17 -.08 .00 .02 -.20 • 17 -.54 
Mr .21 .21 .10 .06 • 35 .01 .42 
Ly -.07 .17 -.02 - *32 .13 -.04 -.81 
cs • 34 ^ / - . c:D .15 .39 -.33 • 13 .78 
%NxLy .01 .03 .05 .22 .06 .12 -.45 
-.03 -.09 -.09 • 34 .14 -.01 • 74 
.01 -.08 . 16 .10 .11 .28 • 37 
^Nx^Clay -.01 
-.27 .02 .17 .03 • 33 .27 
#NxCg .18 -.28 .08 .38 .20 • 27 .68 
^NXMy -.15 -.15 .14 .11 -.04 • 15 - «.35-








Table 19. (Continued) 
-
Variâtes 
Variâtes Ybl-cl Yb2-c2 Yb3-c3 Yal-cl Ya2-c2 Y%3-C3 Ycy 
Ycl - • 53 





Ytl • 56 
Yt2 .03 • 70 
Yt3 -.07 -.07 
% -.04 .15 
YN .16 • 92 
Yal-bl 
-.73 .05 
Ya2-b2 -.41 -.28 .06 .31 .03 
%A3-B3 -.07 -.53 .18 .32 . 16 
Ybl-cl 1.00 .23 
Yb2-c2 1.00 .15 -.04 .74 .17 
Yb3-c3 1.00 .26 -.05 .75 
Yal-cl 1.00 .01 .45 




and management factors were found to be the most consistently 
related to the absorption on the basis of simple graphs 
and correlation coefficients: (1) total nitrogen in the 0 to 
6 inch depth layer, % N; (2) total organic carbon in the 0 to 
6 inch depth layer, % C; (3) average rate of nitrification in 
the 0 to 12 inch depth layer, Nr; (4) average percent clay in 
the 0 to 48 inch depth layer, % Clay; (5) average initial ni­
trate in the 0 to 48 inch depth layer, ; (6) exchangeable 
potassium in the 0 to 48 inch depth layer from air-dry soil 
samples, Kd; (7) pH of the 0 to 6 inch surface layer, pH; (8) 
available soil moisture in the 0 to 12 inch depth layer dur­
ing the first sampling dates, Smj_; (9) available soil mois­
ture in the 12 to 36 inch depth layer during the first sam­
pling dates, Sm2; (10) available soil moisture in the 36 to 
60 inch depth layer during the first sampling dates, 
(11) available soil moisture in the 0 to 12 inch depth layer 
during the second sampling dates, SmLj.; (12) available soil 
moisture in the 12 to 36 inch depth layer during the second 
sampling dates, Sm^ ; (13) available soil moisture in the 36 
to 60 inch depth layer during the second sampling dates, Sm£,; 
(14) number of years from last manure application, My; (15) 
rate of manure application, Mr; (16) number of years from 
meadow, Ly; and (17) cropping system, Cs. Where several var­
iates of a soil variable were previously possible, in future 
discussions only the above mentioned variates will be con-
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sidered.  
Consideration of the regression coefficients reveals 
that N-t-5 absorption is positively correlated with both % N 
and % C of the soil. For example, the correlation of total 
N1-' absorbed per plot with % N was 0.75** while the correla­
tion of total N-l-5 absorbed per plot with % C was 0.80**. 
These coefficients reveal that the absorption was greater 
from the plots with the higher.% N or % C. A possible expla­
nation for this relationship might be that greater quantities 
of nitrogen were mineralized from the plots with the higher 
% N and % C. These larger quantities of mineralized nitrogen 
were absorbed by the corn plants resulting in greater growth 
and greater potential root activity for absorbing still larg­
er quantities of nitrogen from the various positions in the 
soil profile. a second hypothesis to explain the high posi­
tive -correlations of absorbed from all three depths with 
% N or % C of the soil will be presented. It may be assumed 
there was a constant rate of nitrogen immobilization in the 
surface layer of all plots. Another assumption is that the 
amount of nitrogen mineralized on any plot at any one time 
was proportional to the amount of total organic carbon or to­
tal nitrogen present. Hence, on plots with larger quantities 
of total nitrogen, the mineralized nitrogen present at a giv­
en time persisted longer in larger quantities before being 
immobilized. Thus, the increased N^-5 absorption from the 
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plots with higher total nitrogen was due to the fact that the 
N-^-5 remained available for absorption longer. The rate of 
nitrogen immobilization and mineralization proceeded in the 
same manner at the lower depth layers (D2 and Dg), however, 
the rate of both of these processes was much slower. Consid­
erable quantities of the injected at these lower depths 
probably persisted in the mineralized form on most plots much 
longer and thus remained available for plant absorption 
throughout the overall experiment. The simple regression co­
efficient for the correlation of % N with % C was 0".93**-
This high degree of correlation between these variables would 
be expected since organic nitrogen and organic carbon have 
frequently been shown to occur in soil organic matter in 
nearly constant proportions. A high correlation between two 
separate variables usually results in little gain by includ­
ing, both in the regression analyses. It was decided that % H 
was more relevant to this experiment, even though the depend­
ent variable generally had slightly higher correlations with 
% C. Hence, only % N was included in the multiple regression 
analyses. 
The total absorbed from all three depths was also 
positively correlated with Nr which supports either of the 
hypotheses advanced to explain the relationship between 
absorption and % N. These results are in agreement with 
Munson and Stanford (80) who found that the nitrogen uptake 
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by German millet from soils in greenhouse pots was highly 
positively correlated with nitrogen released from the soils 
during a two-week incubation period. However, these investi­
gators obtained considerably lower positive correlations with 
nitrogen uptake by plants and total soil nitrogen. The Nr in 
the present experiment was positively correlated with the % N 
(r = 0.59**) which gives rise to difficulty in ascertaining 
their independent contributions. The regression coefficient 
in this case was not as high as the coefficient for fo N with 
% C, possibly indicating that factors other than % N may af­
fect Nr or that the error associated with measurement of Nr 
was greater than the error associated with the measurement of 
% N. For these reasons Nr was included in the multiple re­
gression analyses. 
The total N^-5 absorbed from the D2 and D3 depth layers 
was negatively correlated with Nj_ with correlation coeffi­
cients being -0.4-1* and -0.4-3 *, respectively. The total 
absorbed from the.surface layer was slightly positively cor­
related with NJ_ ( r = 0.16). Nearly constant quantities of NJ_ 
were obtained from all plots in the depth layers below 18 
inches as shown in Appendix B and thus, the values for the 
average quantity of initial nitrate in the 4-8 inch profile, 
Nj_j would be expected to be biased toward the surface layers 
where most of the difference in initial nitrate content of 
the soil was found. That this may be the case is further 
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borne out by the fact that the absorption variables were 
only slightly more highly correlated with the initial nitrate 
in the 0 to 48 inch profiles than in the 0 to 6 inch layer. 
Thus, one interpretation of the positive correlation coeffi­
cient obtained which is consistent with the first hypothesis 
advanced to explain the relation between ftl5 absorption and 
% N could be that the increased root activity induced by the 
high nitrate content of the surface layer outweighed any di­
lution effect and more N-^-5 was absorbed from this layer. The 
positive correlation coefficient obtained between total ab­
sorption from the surface layer and Nj_ also is in accord with 
the second hypothesis advanced as an explanation for the re­
lation between ^15 absorption and % N. An explanation not 
entirely consistent with the second hypothesis which may ex­
plain the negative correlation coefficients obtained between 
total Nl5 absorption and Nj_ at the lower depths will be giv­
en. These coefficients may be explained on the basis of the 
amount of dilution of which took place in these layers, 
i.e., the layers with larger dilution of with Nj_ the less 
was absorbed. The was only slightly correlated with 
% N (r = -0.11) and Nr (r = 0.07), thus indicating an inde­
pendent effect for Nj_. 
The total absorbed from each of the three depth lay­
ers was positively correlated with K^. However, Kd was even 
more highly correlated with % N and for this reason Kd was 
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net included in the multiple regression analyses. 
Total N^-5 absorbed from each depth layer was positively 
correlated with the % clay, but % clay was even more posi­
tively correlated with % N of the soil. However, this vari­
able was not deleted from the multiple regression analyses 
because in several instances the absorbed during individ­
ual experimental periods from particular depth layers was 
more highly correlated with % clay than with % N, thus, in­
dicating a possible independent effect for % clay on ab­
sorption. 
The available soil moisture variates, Sml, Sm3s 
Sjjji+j Sm5 and Sm£, were included in the multiple regression 
analyses. It was assumed that the true effect of soil mois­
ture at a particular depth layer was greatest on the ab­
sorption from the same layer. However, it is conceivable 
that the moisture in the upper depth layers might have some 
influence on the N-^-5 absorption from the lower depth layers. 
Therefore, the available soil moisture variates were included 
in the multiple regression analyses in order to investigate 
the possible effect of soil moisture on absorption from 
the different layers. A comparison of the correlation coef­
ficients for absorption from each of the layers during 
each experimental period with the soil moisture taken during 
the first and second sampling dates reveals that usually a 
higher positive correlation was obtained with the soil mois-
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ture determined on the samples taken during the first sam­
pling dates. The reason for this is not readily apparent un­
til one remembers that a large proportion of the N"^ was ab­
sorbed by the corn plants from the. and depth layers 
during the first experimental period. 
The total N-^ absorption was positively correlated with 
the pH of the surface six inches of soil and if only the cor­
relations of total N-^-5 uptake by the corn plants from each of 
the three depths during the entire experiment with pH are 
considered, these correlation coefficients were generally 
higher than the coefficients obtained for the correlation of 
pH with % Nj thus, indicating a possible independent contri­
bution of pH over that of % N. 
The total absorbed from the Dj_ surface layer was 
negatively correlated with the number of years from meadow 
(r = -0A4*), while the total absorbed from the Dg and Dg 
depth layers was only slightly correlated with Ly (Table 19). 
This indicates that less was absorbed from the surface 
layer of the plots which were a greater number of years away 
from meadow. The decreased n15 absorption with increasing 
number of years from meadow could reflect the influence of 
meadow and corn residue on nitrogen availability. This would 
be in accord with the results of Fribourg and Bartholomew 
(28) who found that the greatest influence of high nitrogen 
leguminous residues on the soil nitrogen supply came during 
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the first cropping season. The leguminous residues furnished 
some available nitrogen during the season'of application, but 
low nitrogen non-leguminous residues apparently absorbed ni­
trogen from the soil to satisfy the minimum needs of the mi­
croflora during the early stages of decomposition. These in­
vestigators found that during the second cropping season some 
nitrogen continued to be made available from the leguminous 
residues although the amounts were much smaller than during 
the first season. Munson and Pesek (79) supplied evidence in 
a greenhouse study that nitrogen uptake by oats from un-
leached soils was markedly reduced by the presence of corn 
residue. Further evidence supporting the negative correla­
tion of N-*-5 absorption from the surface with Ly was obtained 
by Broadbent ( 18) and Broadbent and Norman (19) who found by 
use of the N-^ isotope that in the presence of high available 
energy materials the susceptibility to mineralization of ni­
trogen in the soil organic fraction was enhanced. These 
workers found that Sudangrass enriched with added to the 
soil greatly accelerated the decomposition of organic matter 
already present, thus giving evidence that green manures ren­
der the soil nitrogen more available. Similar results were 
also obtained by Hallam and Bartholomew (36). 
The total absorbed from the D]_ and depth layers 
was slightly negatively correlated with the number of years 
from manure, My; while the total N^-5 absorbed from the Dg 
]>0 
depth layer revealed little association with My (Table 19)• 
Total Nl5 absorbed from all three depth layers was posi­
tively correlated with rate of manure application, Mr, as 
shown in Table 19. These coefficients reveal that greater 
quantities of N^5 were absorbed by the corn plants on the 
plots with larger manure applications. As would be expected, 
Mr was positively correlated with % N (r = 0.26) indicating 
that the effect of either of these factors on absorption 
was not completely independent. In a study utilizing many of 
the same plots used in this present experiment, Bartholomew 
et al. (7) found that use of manure generally resulted in 
less organic nitrogen decline than where manure was not ap­
plied. In rotations with legumes the major contribution of 
manure was the organic nitrogen it added to the soil. Crop 
residue increases from the application of manure to rotations 
containing meadow were small. 
The total N-*-5 absorption from ' the surface layer was also 
positively correlated with the cropping system, Cs, (r = 
0.57**)- However, the absorption from the and °3 depth, 
layers was only slightly correlated with Cs (Table 19). A-
gain, as with several of the soil and management variates, Cs 
was positively correlated with % N (r = .0.39*) indicating 
that the effect of Cs was not completely independent of this 
nitrogen variate. 
The crop yield, YCy, and total nitrogen content of the 
141 
corn plants from each plot were highly correlated with sever­
al soil and management factors as shown in Table 19. It is 
especially interesting to note that the correlation coeffi­
cients for crop yield with total absorption from the D]_, 
£>2 and Dg depth layers were 0.56**, 0.70** and -0.07, respec­
tively while the correlation for crop yield with total nitro­
gen content of corn plants was 0.92**. The coefficient of 
determination (r^) of the correlations indicates that a con­
siderable portion of the variability in crop yield may be ex­
plained on the basis of nitrogen composition. In turn the 
quantity of nitrogen absorbed by the plants appeared to be 
highly related to nitrogen supplying-power of the soil, ni­
trogen applied through plant and animal residues and the to­
tal nitrogen content of the soil. Although inorganic nitro­
gen fertilizers were not applied to the plots in this experi­
ment, these results appear to be somewhat in agreement with 
Bennett, et al. (12) who observed a linear relationship be- ' 
tween increases in yield resulting from nitrogen fertiliza­
tion and associated increases in the nitrogen content of the 
corn leaf, the correlation coefficient being 0.96**. White 
et al. (131) also found that linear effects of nitrogen rates 
on plant yields were predominant in their study. 
There was little evidence from the approximate graphical 
relationships previously conducted that the dependent vari­
ates were curvilinear functions of the independent variables. 
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For this reason interactions which were indicated to be pre­
sent were included in the multiple regression analyses only 
as linear x linear or linear x linear x linear terms. 
Several of the possible two-factor and four three-factor 
interactions between the various soil and management factors • 
were included in the multiple regression analyses. They were 
selected on the basis of simple graphical relationships and 
their possible agronomic significance. 
In summary the hypothesis to be tested is that the N^-5 
absorption may be expressed as a function of the following 
factors : (1) percent total nitrogen, % N; (2) rate of nitri­
fication, Nr; (3) initial nitrate, Njj (4) pH, pK; (5) per­
cent clay, % clay; (c) available soil moisture, Sm; (7) rate 
of manure application, Mr; (8) number of years from last ma­
nure application, My; (9) number .of years from meadow, Ly; 
(10) cropping system, Cs; (1) % N x Nr; (12) % N x Kj_; (13) 
% N x pH; (14) % N x % clay; (15) 0 N x Mr; (16) % N x. My; 
(17) # N X Ly; (19) # N x Cg; (19) Nr x pH; (20) x pE; 
(21) % clay x Wr; (22) % clay x Njj (23) % clay x pH; (24) % 
clay x Mr; (25) % N x Nr x pH; (26) % N x Nj_ x pK; (27) % N 
x Mr x pH and (28) % N x Mr x My. 
Multiple regression analyses 
In initial calculations an attempt was made to include 
27 independent variates in the multiple regression analyses. 
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These variates had been shown to have possible influences on 
N^-5 absorption in the preliminary examination" of the data. 
The purpose of this model was to screen and further eliminate 
the independent variates which revealed little or no effect 
on the regression of ( the general designation for all 
functions of Y). Computational difficulties made it impossi­
ble to include the model with 27 independent variates. The 
inverse matrix calculated by the IBM computer was not symmet­
rical because of high correlations between the interaction 
terms which included pH as a factor and the other main ef­
fects. The failure to obtain a symmetrical inverse matrix 
for the initial model lies in the limitation of the program 
used with the IBM computer since the matrix inversion carries 
only eight digits in addition to the two digits required for 
the floating decimal system. If more digits could be carried 
in the operations, less difficulty would have been encoun­
tered with correlation coefficients between terms as high as 
the ones obtained in this experiment. Examination of the 
correlations between the interaction terms and their main ef­
fects revealed that all of the correlations above 0.99 in­
volved interactions which contained the pH variate. It ap­
pears that the range of the pH variate found in this experi­
ment was rather narrow and that when it was multiplied by an­
other main effect to obtain an interaction, the result was 
nearly the same as multiplying the main effect by a constant. 
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In future multiple regression analyses of this type, coding 
variates like pH to extend their range and to reduce the cor­
relation between the terms should eliminate this difficulty. 
Since the interaction terras were almost perfectly corre­
lated with their main effects, it was decided that little 
would be lost by deleting all interaction terms containing 
the pH variate from the multiple regression analyses. After 
this deletion, no difficulties were encountered in obtaining 
a symmetrical inverse matrix for.the remaining components. 
The first model included in the multiple regression a-
nalyses contained nine main effects plus the interaction 
terms, excluding those containing pH as a factor, which had 
previously been selected. The second model included in the 
multiple regression analyses contained only nine main ef­
fects. This model was included in the multiple regression a-
nalyses mainly as a basis of comparison for the main model. 
For the remainder of this dissertation the first and second 
models will be referred to as the main and reduced models, 
respectively. 
The soil moisture variates were not included initially 
in either of these models. The effect of these variates 
would be expected to vary markedly from one dependent varia­
ble to another, since this variable included variates of soil 
moisture from each of three depths and at each of two sam­
pling dates. Since moisture samples were not taken at the 
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third sampling dates, inclusion of soil moisture variates- in 
all equations would not have been reasonable. Thus, in order 
to provide an equal basis of comparison, for all the dependent 
variates, the available soil moisture variates were not in­
cluded in the models initially. 
The regression equations and statistics for the various 
Yj_ for the main and reduced models are presented in Table 20. 
The signs and the significance levels of the various partial 
regression coefficients varied considerably among depth lay­
ers and among experimental periods. However, consideration 
of all .the multiple regression equations representing the 
full course of the experiment usually revealed a definite 
trend in significance levels and signs of the partial regres­
sion coefficients. 
Since some of the Xi. (the general designation for all X 
variates) had little or no effect on the regression, it ap­
peared that they could be deleted from the equations. It ap­
peared to be logical to retain the variate in the regression 
equation if the partial regression coefficient was equal to 
or greater than its standard error. In this experiment the 
probability of obtaining a jt-value equal to one by chance was 
0.30. Another criterion followed when considering deletion 
of a variate from the multiple regression equations was to 
examine the simple correlation between the particular Y^ and 
the Xj_ in question. If the simple correlation coefficient 
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Table 20. Multiple regression statistics for the two multi­
ple regression models of Yj_ on selected X variates 
Prob-
Equation ability 
Yi Variate ^ = a + Y. bixi s( bj.) t "levela 
Main model 
Y&1 +25.10^ 
-36.13 311.1 0.11 e 
N
r +0.2018 X2 0.1650 1.22 c 
% clay 
-0.4614 Xj 1.194 0.39 e 
Ni +0.4173 Xi. 2.556 0.16 e 
Ly -7.120 X5 11.34 0.63 e 
cs +24.37 X& 7.088 0.62 e 
My +0.09772 Xy 0.3150 0.31 e 
Mr -0.004910 Xg 0.1121 0.01 e 
PH -I.050 Xp 0.2802 0.37 e 
%NXLY +34.63 XiQ 56.87 0.61 e 
-2.583 X]_I, 11.05 0.23 e 
-0.7536 X12 0.5720 1.32 c 
$Nx$clay +1.088 Xig 5.189 0.21 e 
^NXCG +20.25 x^. 30.97 0.65 e 
/tNxMy -O.5302 X15 . 1.284 0.41 e 
^NXMYXMY 
-0.3796 XiG 0.6658 0.57 e 
aa = 0.05 < probability level ^  0.10. b = 0.10 < prob­
ability level < 0.20. c = 0.20 < probability level < 0.30. 
d = 0.30 < probability level < 0.40. e = probability level 
>0.40. 
^This is a, the constant in the regression equation. 
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Yi Variate ?i = a + Y. bi%i s( bj_) t levela 
Y&2 +67.43^ 
^ N -408.0 123.6 3.30 * * 
Nr +0.2973 Xg 0.1081 2.15 * 
% clay 
-O.5896 X3 0.5554 1.06 c 
Ni -0.4949 Xi+ 0.1018 4.86 
* * 
% -21.91 X^ 6.758 3.24 * * 
-15.08 X& 3.799 3.97 * * 
• My +0.1461 X7 0.08910 1.64 b 
Mr -0.2368 Xg 0.07759 3.05 ** 
PH +5.301 Xg 1.325 4.00 ** 
^NxLy +65.72 XiQ 30.70 2.14 a 
-O.8796 X12 0.3789 2.32 * 
^Nx^clay .+2.585 X^ 2.112 1.22 c . 
+71.60 X^ 17-02 4.21 * * 
^NXMy -0.9278 X15 0.3759 2.47 * 
^KxMyXMr +0.2930 Xi& 0.4682 0.62 e 
^a3 -ill.3^ 
^ N +393.5 x^ 418.9 0.94 d 
Nr +0.1970 X2 0.2088 0.94 d 
% clay +1.743 X3 1.511 1.15 c 
Ni +0.8193 x^ 3.234 0.25 e 
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Ly +15.52 X5 14.35 1.08 a 
cs -0.5909 X& 8.968 0.06 e 
My +0.02296 Xy 0.3985 0.06 e 
Mr -0.1626 Xg 0.1418 1.15 c 
PH +3.586 Xg 3.545 1.01 d 
#NxLy -82.24 71.95 1.14 c 
-4.413 X1X 13.98 0.32 e 
-0.6^44 X]_2 0.7237 0.96 d 
^Nx^clay 
-0.04853 X^2 6.565 1.07 d 
#NxCg +4.305 X1]+ 39.18 0.11 c 
-0.4553 X^2 1.624 0.28 c 
^NxMyxMr +1.040 Xi& 0.8424 1.23 d 
hi -loi.5b 
^ N +307.0 Xi 379.8 0.81 e 
Nr +0.07570 X2 0.1893 0.40 e 
% clay +0.1900 X] 1.370 0.14 e 
Ni -0.7231 X^ 2.932 0.25 e 
Ly +24.66 Xz 13.01 1.89 a 
cs +13.46 X& 8.131 1.66 b 
My -0.1190 Xy 0.3613 0.33 e 
Mr +0.05575 Xg 0.1286 0.43 e 
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Table ZO. (Continuea) 
A 
equation 






PH +3.654 Xg 3.214 1.14 c 
%NxLy —106.1 Xj_Q 65.22 1.63 b-
#NxNj_ +3.692 Xn 12.67 0.29 e 
%NxNf -0.0948$ X%2 0.6$60 0.14 e 
^Nx^clay +0.00$937 Xi] $.952 0.00 e 
<MxCg -$7.71 X^ 35.52 1.62 b 
^NxM» +0.6836 X15 1.472 0.46 e 
SNxMyXMr -0.3877 X^6 0.7637 0.51 e 
-142.8b-
^ N +610.8 Xi 284.8 2.14 a 
Nr +0.08049 Xg 0.2492 0.32 e 
fo clay +0.3$03 X] 1.280 0.27 e 
Ni -0.01836 Xi+. 0.2348 0.08 e 
Ly +3$.76 X5 15.58 2.30 V 
cs +18.66 X^ 8.757 2.13 a 
My +0.007562 Xy 0.2054 0.04 e 
Mr -0.1376 Xg 0.1789 0.77 e 
PH +2.176 Xg 3.054 0.71 e 
#Xly -176.9 XiQ 70.77 2.50 # 
^NxNy -0.5003 x12 0.8736 0.57 e 
^Nx^clay -0.67$9 X.3 4.869 0.14 e 
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Table 20. (Continued) 
Y; 
Iquation 









-84.78 X^. 39.24 2.16 
-O.OOO8349 X^ 0.8667 0.00 
+3.694 1-077 3.43 
-4.008° 
^ N -13.80 X]_ 514.2 0.03 e 
Nr +0.08298 Xg 0.2563 0.32 e 
$ clay -1.746 Xg 1.855 0.94 d 
Ni -2.177 3.970 0.55 e 
Ly +13.31 x5 17.62 0.76 e 
cs +11.93 x, C 11.01 1.08 d 
^y -O.I89O Xy 0.4892 0.39 e 
Mr +0.04221 Xg 0.1741 0.24 e 
pK +2.079 Xg 4:352 0.48 e 
#XLy -55.43 XIQ 88.31 0.63 ' e 
^NxNi +10.18 xxl 17.16 0.59 e 
%NxNr -0.6713 X^2 0.8883 0.76 e 
foNx^clay +7.393 XI] 8.059 0.92 d 
%NXCG -51.65 X^ 48.09 1.07 d 
^NXMy +1.009 X15 1.994 0.51 b 
^NxMyXMr +1.428 Xi& 1.034 1.38 e 
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Variate Y"i = a + £ &i%i ' s{ b±) t levt 
-148.6% 
-
^ N +478.7 260.2 1.83 a 
Nr +0.05113 Xn 0.1297 0.39 e 
% clay +2.100 X] 0.9387 2.24 "T* 
Ni + 5.006 Xi+ 2.009 2.49 
Ly +11.71 75 8.916 1.31 c 
Cs -11.38 x6 5.571 2.04 a 
+0.5368 Xy 0.2476 2.17 a 
Mr +0.1979 Xg 0.08810 2.25 
* 
PH +6.130 Xg 2.202 2.78 * 




 -21.34 XX1 8.684 2.46 
-0.2524 X^2 0.4495 0.56 e 
%Nx^clay —8.901 X-^^ 4.078 2.18 * 
$JxCg + 56.28 X^ 24.34 2.31 * 
/6NXMy -2.071 Xi$ 1.009 2.05 a 
^NxMyXMr +1.010 X]_6 0.5233 1.93 a 
+148.2% 
N -478.7 xx 350.0 1.36 b 
Nr -O.8719 Xg 0.3071 2.84 * 






Table 20. (Continued) 
Prob-
/s Equation ability 
Yj_ Variate = a +2IbiXi s(b^) t level^ 
Ni +0.05297 Xi,. 0.2893 0.18 e 
Ly -38.07 x$ ' 19.20 1.98 a 
Cs -8.631 x& 10.79 0.80 e 
^y + 0.0224-7 Xy 0.2532 0.09 e 
Mr +0.5032 Xg 0.2204 2.28 * 
PK -0.8339 Xg 3.764 0.22 e 
%NxLy + 174.1 X]_Q 87.22 2.00 a 
+3.2143 X12 1.077 2.98 * 
$Nx$clay 
-0.9386 x^2 6.000 0.16 e 
^NxCg +23.27 x^ 48.35 0.48 e 
^NxM» y +0.3864 X12 1.068 0.36 e 
>NxMyXMr -2.714 Xi& . 1.327 2.04 a 
+111.5° 
fo N -359.0 x^ 697.9 0.51 e 
Kr -0.9343 Xg 0.3478 2.68 * 
> clay +1.770 X] 2.518 0.70 e 
Ni -4.212 X^ 5.3S9 0.78 e 
Ly -11.48 X5 23.91 0.48 e 
c s  +10.23 X& 14.94 0.68 e 
My . -0.6763 Xy 0.6640 1.02 d 
Mr +0.2304 Xg 0.2363 0.97 d 
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Table 20. (Continued) 
?i 
Equation 





PH -6.622 Xo 5.906 ' 1.12 c 
^ÏXXLy +87.17 XlQ 119.9 0.73 e 
+18.22 X^ 23.29 O.78 e 
^NxN_ +3.436 X%2 1.205 2.85 
%Bx%clay 
-4.469 Xi? 10.94 . 0.41 e 
^NxCg -40.66 X^ 65.27 0.62 e 
/ïNXMy +2.980 X^ 2.706 1.10 e 
^NxMyXMp -1.131 xl6 1.404 0.80 c 
-224.8b 
^ N +748.7 439.6 1.70 b 
Nr +0.3278 Xg 0.2191 1.50 b 
% clay +1.826 X, 1.586 1.15 c 
Ni +4.692 Xi. 3.394 1.38 b 
Ly +29.23 x^  15.06 1.94 a 
Cs -2.280 X^ 9.411 0.24 e 
My +0.5143 X? 0.4182 1.23 c 
Mr +0.2518 Xg 0.1488 1.69 b 
PH +8.731 Xq 3.720 2.35 * 
;$NxLy -151.3 XiQ 75.50 2.00 a 
#NxRi -20.19 Xn 14.67 1.38 b 
-I.O98 X12 0.7594 1.44 b 
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Table 20. (Continued) 
Prob-
Eguation ability 
. Variate = a + bjXj s(b^) t levé V . 
X 
+75.30 
%NxLy +65.67 120.7 0.54 
^NxNy +1.820 X]_2 1.490 1.22 
#Nx%clay +1.070 8.30$ 0.13 
+11.44 X^ 66.93 0.17 
^NzMyXMf +1.248 X]_& 1.837 0.68 
1 cl 
%ax^clay -7.800 X^ 6.890 1.13 c 
f^xCs +18.72 X]_i+ 41.11 0.46 e 
%KxMy -1.913 1.704 1.12 c 
^NxMyXMy +0.2428 X^^ 0.8640 0.27 e 
^ N -285.4 xx 485.9 0.59 e 
Ny -0.4896 Xg 0.4251 1.15. c 
# clay -0.3091 X^ 2.184 0.14 e 
Mi -0.4555 Xit 0.4004 1.14 c 
ly -24.81 X^ 26.58 0.93 d 
-5.389 l4.94 O.36 e 
Ky +0.1792 Xy 0.3504 0.51 e 
my +0.1271 Xg 0.3051 0.42 e 





^NxMy -0.5528 x^2 1.1+78 0.37 e 
e 
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al - ibilitg 
Yj_ Variate = a + ^  bixi s(b^) t level 
Y+.? -3.850% 
'--J 
^ N +20.74 661:4 0.03 e 
Nr 
-0.6538 %2 0.3296 1.98 a 
% clay +1.764 X 2.386 0.74 e 
% -5.560 X^ $.106 1.08 c 
Ly +17.34 X5 22.66 0.76 e 
Cs +21.54 X^ 14.16 1.52 D 
My —0.34l6 Xy 0.6292 1.34 c 
Mr +0.1104 Xg 0.2239 0.49 e 
pH -0.9604 Xg 5.597 0.17 e 
%NxLy -50.37 XlQ 113.6 0.44 e 
^NxNi +2.395 X]_1 22.07 1.08 c 
?iNxNr +2.068 X]_2 1.142 1.81 a 
^Nx^clay -4.117 X13 10.36 0.40 e 
-87.89 Xii,. 61.86 1.42 • b 
^KXMy +3.532 X12 2.564 1.38 b 
^NxMyXMf +1.336 X16 
-155.1% 
1.330 1.00 d 
^ N +490.4 X]_ 1679.0 0.29 e 
^r -0.8144 X2 0.8369 0.97 d 
^clay +3.307 x3 6.057 0.55 e 
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î'i Variate Yi = a + £ biXi s(bi) t level3 
% -1.277 XL 12.96 0.10 e 
Ly +21.94 X^ 57.53 0.38 e 
Og +13.78 X& 35.95 0.38 e 
& -0.1430 Xy 1.597 0.09 e 
Mr +0.4893 Xg 0.5684 0.86 e 
PH +14.43 Xg 14.21 1.02 d 
flNxLy -I37.O X^Q 288.4 0.48 e 
+3.557 X11 56.03 0.06 e 
%Nx%r +2.786 X%2 2.901 0.96 d 
^Nx^clay 
-10.96 x^3 26.32 0.41 e 
^NxCg -57.28 X^ 157.0 0.36 e 
^NXMy +0.1043 X]_2 6.511 0.16 e 
^KxMyXMr -2.833 X^6 3.377 0.84 d 
/X 
yK -2.563° 
. N +210.7 xx 769.6 0.27 e 
Kr -0.2727 Xg 0.3836 0.71 e 
% clay +0.3571 Xg 2.776 0.13 e 
Ni +0.5575 Xi. 5.942 0.09 e 
Ly -2.234 X5 26.37 0.08 e 
Cs +6.282 Xf. 16.48 0.38 e 
My -0.3290 Xy 0.7322 0.45 e 
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-i = a +21bixi s(b^) t levi 
Mr +0.3522 Xg 0.2606 1,35 c 
PH +3.^36 Xo 6.513 0.53 e 
^NxLy -61.71 %io 132.2 0.47 e 
-2.048 X]_]_ 25.68 0.08 e 
+0.8457 %i2 1.330 0.64 e 
JoKx^clay 
-1.959 Xi] 12.06 0.16 e 
^KxCg -28.09 X^L 71.98 0.39 e 
%NxMy +0.9972 X15 2.984 0.33 e 
%NxMyXMr +1.722 X^ 1.548 1.11 c 
+65.71^ 
ig N 
-178.0 Xi 176.2 1.01 d 
Kr 
-0.0352 X2 0.08784 0.40 e 
% clay 
—0.4476 Xg 0.6357 0.70 e 
% -0.9228 Xi+ 1.361 0.68 e 
Ly -10.71 X5 6.038 1.77 b 
Cs -1.573 3.773 0.42 e 
& -0.2572 Xy 0.1677 1.53 b 
«r -0.1909 Xg 0.05966 0.32 e 
PH -0.9519 Xg 1.491 0.64 e 
$NXLy +38.22 X]_Q 30.27 1.26 c 
^NxNj_ +3.538 X11 5.881 0.60 e 
cy 
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Table 20. (Continued) 
1 
Equation 



























































































































Yi Variate ?i = a + Z %i%i s(%i) t level3 
. +0.9779 %16 1.319 0.74 e 
A 
yB -295.7° 
+1080.0 X^ 957.4 1.13 c 
Nr +0.2782 Xg 0.4772 0.58 e 
fo Clay 
-0.6426 Xg 3.454 0.19 e 
% -1.323 Xi+ 7.392 0.18 e 
• 
Ly +77.56 X^ 32.80 2.36 
•* 
Cs +41.16 X^ 20.50 2.01 a 
& -0.1199 Xy 0.9109 0.13 e 
Mr -O.O2517 Xg 0.3241 0.08 e 
PH +9.213 Xg 8.103 1.14 c 
-361.4 X]_Q 164.4 2.20 * 
^HxI\Tn. +6.959 x^. 31.95 0.22 e 
'%>Nxïïr 
-1.392 X12 1.654 0.84 e 
»Nx^clay +4.068 Xig 15.00 0.27 e 
;&ix%Cs -181.9 x^^ 89.54 2.03 a 
#NxMy +0.9610 X12 3.712 2.59 e 




^ N -632.9 x% 1.075 0.59 e 
Nr -I.816 X2 0.5357 3.39 ** 
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Table 20. (Continued) 
Prob-
" Equation ability 
Yj_ ' Variate Yj_ = a + £ b^Xi s(b^) t level3-
% clay +2.951 X. 3.877 0.76 e 
Ni -1.638 8.299 0.20 g 
Ly -4-3.79 X^ 36.83 1.19 c 
cs -5.278 X^ 23.01 0.23 e 
^y -G.3982 Xy 1.022 0.39 e 
Mr +0.9089 Xg 0.3639 2.50 * 
pH 
-3.356 X3 9.096 0.37 e 
%NXLy +217.1 X^Q 184.6 1.18 c 
+7.648 X11 35.87 0.21 e 
^NxNy +6.593 X12 1.857 3.55 * * 
^Nx/bclay 
-10.18 Xig 16.84 0.60 e 
^NxCg +19.89 X^ 100.5 0.20 e 
^NXMy +2.433 x%2 .4.168 0.58 e 
/'oKxMyXMp -2.918 X16 2.162 1.35 b 
-126.6% 
^ N +343.2 X^ 599.5 0.57 e 
Nr -0.1261 Xg 0.2988 0.42 e 
% clay +0."6514 Xg 2.163 0.30 e 
1^ 
-1.140 XL 4.629 0.25 e 
Ly +31.78 X5 20.54 1.55 b 
cs +17.84 X& 12.84 1.39 b 
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Variate ^i - a + Z bi%i s(bi) t lev; 
My -0.2167 Xy - 0.$704 0.38 e 
Mr +0.0$676 Xg 0.2030 0.28 e 
PH ' +4.70$ X^ $.074 0.93 Q 
:;NxLy -140.8 X]_Q 103.0 1.37 b 
%Nx]Nj_ +6.27$ Xii 20.01 O.31 e 
>NxMr +0.6588 Xt_2 1.036 0.64 e 
;>oNx^clay 
-1.082 Xig 9.396 0.12 e 
#xCg. 
-77-97 Xii+ $6.07 1.39 b 
SïXMy +1.2138 Xl5 2.32$ 0.$2 e 
"^NxMyXMr -0.008092 X^6 
-47.16° 
1.206 0.00 e 
^ N +171.7 xL 434.8 0.39 e 
Kr -0.024$8 Xg 0.2167 0.11 e 
/; clay +1.909 Xg l.$68 1.22 c 
Ni +$.729 Xi+ 3-3$7 1.71 b 
-12.9$ X5 "14.90 0.87 d 
cs -24.84 x& 9.308 2.67 
+0.6$$8 Xy 0.4136 l.$8 b 
Mr +0.1422 Xg 0.1472 0.96 d 
PH +2.47$ Xg 3.680 0.67 e 
#XLy +26.20 X^Q 74.67 0.3$ e 
Ybl-cl 
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Yi Variate =a + r '°i%i s(bi) t level 
-25.03 xu 14.51 1.72 b 
-0.1576 X^p 0.7511 0.21 e 
>Nx^clay 
-8.907 X^ 6.814 1.31 c 
^NxCg + 114.0 XLi. 40.66 2.30 * 
$NXMy -2.754 Xi< 
-L y 1.686 1.63 b 
^NxMyXKy +1*3^3 xl6 0.3744 1.60 b 
Ya2-b2 -236.4% 
% M + 1115.9 %]_ 577.7 1.93 a 
% -0.1953 Xg C.2879 C.68 e 
> clay +1.250 X. 2.084 0.60 e 
Ki +1.357 4.460 0.30 e 
Ly +59.79 x$ 19.80 3.02 * * 
Cs +32.14 Xf, 12.37 2.60 * 
% -0.03693 X? 0.5496 0.07 e 
Mr +0.1072 Xg 0.1956 0.55 e 
pH -2.406 X3 4.889 0.49 e 
^KxLy -225.3 X^Q 99.22 2.57 * 
+C.3101 X12 0.9980 0.31 e 
^Mx^clay 
-4.725 X^ 9.054 0.52 e 
%NxCg -149.6 X^ 54.03 2.77 
^NXMy +0.5237 Xir 2.240" 0.23 e 
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Table 20. (Continued) 
Eouation 




























































































. Yi Variate Yi = a +.][ biXi s( bi) U level8-
Ni -2.997 XL 4.845 0.62 e 
% -2.208 X^ 21.50 0.10 e 
+12.52 X^ 13.44 0.93 d 
% — U . Xr? 0.5?70 0.36 e 
Mr +0.204? Xg 0.2124 0.96 d 
PH -1.507 X; 5.311 0.28 e 
JoÎÎXLy + 26.81 X]_Q 107.8 0.25 e 
;?NxNi +14.59 X^ 20.94 0.70 e 
>iNxNr +0.02312 Xj_2 1.084 0.02 e 
fbNx>Jc lay + 14.44 X]_2 3.835 1.47 b 
;iNxCs -55-95 X]_L 58.69 0.95 d 
^NxMy +1.464 2.433 0.60 e 
^NxMyXM^ +0.3880 X]_f 1.262 0.31 e 
Yb3-c3 +115.5° 
^ -,T /v i\i 
-345.2 Xi 1039.6 0.33 e 
iir -1.017 Xg 0.5182 1.96 a 
)l clay +3.516 Xg 3.750 0.94 d 
-2.035 Xi+ 8.027 0.25 e 
Ly -24.79 x^ 35.62 0.70 e 
Cs -1.703 Xf 22.26 0.08 e 
My -0.4873 X? O.989I 0.49 e 
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Yi Variate Yi = a +][ biXi s(bi) t level3 
Kr +0.l88l Xg 0.3520 0.53 e 
pH -3.701 X3 S.79S O.99 d 
rïNxLy +142.6 X]_Q 178.6 C.80 e 
joNxN i +8.049 X]_i 3.469 0.23 e 
tiKxHr + H-. 107 X] 2 1.796 0.23 -
%irlx%clay -11.86 X]_3 16.29 0.73 g 
%ExC_ C +10.98 X^ 97.23 0.11 e 
;ùNxKy +1.971 4.031 0.49 e 
^NxMyXMf -2.$$9 2.091 1.22 c 
A 
Yal-cl -173.8% 
N + 514.9 %]_ 472.2 1.09 c 
Nr -O.1507 Xg 0.2354 0.64 e 
^ clay +2.560 Xg 1.703 1.50 b 
Ni +4.589 Xit 3.646 1.26 C 
Ly +18.83 x^ 16 .13 1.16 C 
cs -7.00$ Xf. 10.11 0.69 e 
J 
+0.4390 Xy O.4492 0.98 d 
%r +0.1989 Xg 0.1599 1.24 c 
PH +7.I8O Xg 3.996 1.80 a 
^NxLy -114.6 X10 81.10 1.41 b 
^NxNi -18.75 X11 15.76 1.19 c 
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Table 20. (Continued) 
Yi 
Equation 




fJNxNr + 0.5013 X-^2 o.8i$8 0.61 e 
;ilNX/jclay 
-9.989 Xig 7.401 1.35 b 
>ÙNxCs +36.02 X-jL 44.16 0.82 e 
:$14xMy -1.541 X]_, 1:831 0.84 e 
;3lixî»iyXMr + 1.390 X]_f 0.9496 1.46 b 
Y=2-c2 175.8' 
ri N -423.5 793.5 0.53 e 
Nr -1.247 Xg 0.3980 3.13 * * 
clay 
-0.5803 Xo 2.880 0.20 e 
iïi -2.653 X^ 6.165 0.43 e 
Ly -23.82 X- 27.36 0.87 d 
cs +12.25 x& 17.10 O.72 e 
% -0.4-557 Xy 0.7507 0.64 e 
Mr +0.7109 Xg 0.2703 2.63 * 
PH -8.749 Xq 6.758 1.29 c 
>=%XLy + 154.5 X]_Q 137.1 1.13 c 
+4.346 X]_2 1.379 3.15 
/sNxf&clay + 1.800 X]_; 12.51 0.14 e 
%NxCg -72.79 X^ 74.68 0.97 d 
^NXMy +2.780 X%2 3.096 0.90 d 
^MxMyXMy. 
-3.115 X]_6 1.606 1.94 a 
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~i = a + ZI %ix i s(bi) t levi 
+222.8% 
fa N 
-752.) %i 932.0 0 .81 e 
Nr -1.1313 0.4645 .44 * 
clay +0.02703 Xg 3.362 0 .00 e 
Ni -5.031 ZL 7.196 0 .70 e 
% -27.00 X^ 31.94 0 .84 e 
Cs +10.82 X^ 19.95 0 .54 e 
-"V -0.6992 Xy 0.8867 0 .79 e 
%r +0.3930 Xg 0.3155 1 .24 c 
PH -10.21 Xg 7.888 1 .29 c 
%NxLy +169.4 X^Q 160.1 1 .06 d 
+22.64 31.10 0 .73 e 
+4.130 X^2 1.610 2 .56 ? 
^Nx^clay +2.580 X^2 14.61 0 .18 e 
%NxCg -44.97 X]_i+ 87.17 r\ v_/ .52 e 
^NxM +3.435 X15 3.614 0 .95 d 
<NxMyxMr -2.171 X^f 1.874 2_ .16 c 
Reduced model 
+10.71% 
% K +4.174 xx 12.08 0 .34 e 




Table 20. (Continued) 
Prob-
Equation ability 
Variate 5"j_ = a + bi^i s(b^) t level2 
% clay 
-0.0861$ Xg 0.09709 0.89 d 
Ni -0.2171 %+ 0.1240 1.75. b 
Ly +0.1927 1.2804 0.15 e 
Cs +0.7296 X^ 1.4693 1.55 b 
ÏVÎ 
•*y -0.04068 Xn 0.02747 1.48 b 
Mr -0.03354 :(g 0.09369 0.36 e 
PH -0.6718 Xg 1.130 0.59 e 
-1.972% 
^ N -29.89 X^ 13.08 2.28 * 
Nr +0.04699 Xn 0.02320 2.02 a 
fo clay +0.06230 X? 0.1050 0.59 e 
-0.4517 xi+- 0.1342 3.37 V * 
Ly -I.63O X< Y 1.3S6 1.18 c 
Cg +1.057 x& 0.5078 2.08 a 
My -O.O3899 Xy O.O2972 1.31 c 
Mr _-0.1256 Xg 0.1014 1.24 c 
PH +1.981 Xg 1.223 1.62 b 
-8.956% 
^ N -10.96 Xn 15.06 0.73 e 
Nr +0.01992 Xg 0.02672 0.74 e 
% clay 
-0.02334 X3 0.1210 0.19 e 
16? 










Ni. -0.07564 X^ 0.1546 0.49 e 
Ly -0.1863 1.596 0.12 e 
cs +0.2893 %6 0.5850 O.49 e 
My -0.03771 X? 0.03424 1.10 c 
Mr -O.OS918 Xg 0.1168 0.76 e 
PH +2.082 Xg 1.408 1.48 b 
-17.30° 
=3 N +23.00 X] 18.47 1.24 c 
Nr -0.005616 Xg 0.03276 0.17 e 
/» clay 
-0.04276 Xg 0.1484 0.29 e 
Ni +0.2214 X^ 0.1895 1.17 c 
Ly -3.O66 X^ 1.957 1.57 . b 
Cs -1.682 Xf 0.7173 2.34 * 
My +0.04940 Xy 0.04198 1.18 c 
Mr -0.008478 Xg 0.1432 0.06 e 
pK +4.112 X9 1.727 2.38 * 
-12.65° 
^ N +22.54 X^ 24.82 0.91 d 
Nr +0.008986 Xg 0.04402 0.20 e 
% clay +0.1705 X] 0.1994 0.86 d 
Ni +0.07781 Xl+ 0.2547 0.30 e 
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Yi Variate ^i = a + 21 bi-^i t level
3 
Ly +0.4748 X^ 2.630 0.18 e 
Cs -0.2773 X& 0.9639 - 0.29 e 
My -0.009106 X? 0.0$64l 0.16 e 
-0.04933 Xg 0.1924 0.26 e 
PH +1.051 Xg 2.3206 0.45 e 
A 
Yb3 -20.85% 
% N +59.52 Xi 18.77 3.17 * * 
Nr -0.09110 Xg 0.03329 2.74 * 
% clay 
-0.08075 X] 0.1508 0.54 e 
Hi +0.2267 X^ 0.1926 1.18 c 
Ly +0.8946 X5 1.989 0.45 e 
Cs . -0.5898 X& 0.7289 0.81 e 
*y +0.04323 Xy 0.04266 1.01 . d 
Mr +0.08120 Xg 0.1455 0.56 e 
pH +2.597 Xg 1.7550 1.48 b 
A 
~cl -11.24% 
^ N +4.003 Xi 12.48 0.32 e 
Nr -0.04118 X2 0.02214 1.86 a 
# clay +0.1672 X^ 0.1003 1.67 b 
Ni +0.1233 X^ 0.1281 0.96 d 
Ly +1.440 X$ 1.323 1.09 c 
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Table 20. (Continued) 
Si Variate 
Equation 




Cs +1.76$ X& 0.4848 3.64 4: * 
% +0.04843 Xy 0.02837 1.71 b 
Mr +0.2417 Xg 0.09678 2.$0 * 
PH +0.401$ Xg 1.167 0.34 e 
%c2 +10.67^ 
^ N +14.63 X]_ 29.50 o.$o e 
Nr -0.01632X2 0.05233 0.31 e 
% clay -0.160$ 0.2370 0.68 e 
Ni -O.I78O XL 0.3028 0.$9 e 
Ly -3.269 X^ 3.126 1.04 d 
Cs -2.088 X^ 1.146 1.82 a 
*V +0.07013 Xy 0.06706 1.04 d 
Mr +0.3999 Xg 0.2287 1.7$ a 
PH +1.184 Xg 2.759 0.66 e 
%c3 -$.906b 
^ N -0.9924 X]_ 28.78 0.03 e 
Nr +0.001960 Xg 0.0$104 0.04 e 
-
% clay +0.3$43 X% ' 0.2312 l.$3 b 
-O.O297IX1+ 0.29$3 _ 0.10 e 
Ly +2.424 X5 3.0487 0.80 e 
cs +1.422 Xg 1.1174 1.27 c 
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Table 20. -(Continued) 
Prob-
Equation ability 
i'i Varia te = a + ^  ~DiXi s(bi) t level3-
My +0.08588 Xy 
Mr +0.2871 Xg 
pH -1.160 X^ 
Yti -17.86° . 
N +31.16 X]_ 17.32 1.80 a 
Nr -0.03019 X% 0.03073 0.98 d 
fo clay +0.03848 X^ 0.1392 0.28 e 
Ni +0.1283 X^ 0.1778 0.72 e 
Ly • -1.434 x^ 1.835 0.78 e 
cs +0.8100 X, 0.6727 1.20 c 
My +0.05701 Xy 0.03937 1.45 b 
Mr +O.I989 Xg 0.1343 1.48 b 
DH +3.846 Xg 1.620 2.37 * 
-3.890^ 
^ N +7.922 X]_ 36.53 0.22 e 
Nr 
+0.04026 Xg 0.06478 0.62 e 
% clay +0.07078 Xg 0.2934 0.24 e 
Ni -0.5489 X^ 0.3748 1.46 b 
Ly -4.398 X^ 3.870 1.14 c 
cs -1.329 X^. 1.418 0.94 d 
% +0.02249 Xy 0.08302 0.27 e 
0.0654 1.31 c 
0.2231 1.29 c 
2.690 0.43 e 
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Mr +0.2231 Xg 0.2832 0.79 e 
pH . +4.833 Xg 3.415 1.42 b 
A 
Yt3 -35-75^ 
^ K. +47.61 X^ 25.95 1.83 a 
Nr -0.06910 X2 0.04603 I.50 b 
% clay +0.2506 Xg 0.2085 1.20 c 
Ni +0.1220 Xi,. 0.2663 0.46 e 
Ly +3.143 X^ 2.750 1.14 c 
cs +1.124 X6 1.008 1.12 c 
+0.09146 Xy 0.05899 1.55 b 
Mr • +0.2793 Xg 0.2012 1.39 b 
. PH +3.514 Xg . 2.427 1.45 b 
A 
% -57.51& 
^ N +86.70 X^ 56.92 1.52 b 
Kr 
-0.05936 X, 0.1110 0.59 e 
% clay +0.3597 Xn 0.4573 0.79 e 
Ni -0.2992 X^ . 0.5841 0.51 e 
Ly -0.6813 Xz 6.031 0.44 e 
cs +0.6106 X^ 2.210 0.28 e 
% +0.1708 Xy 0.1294 1.32 b 
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Mr +0.1708 Xg 0.4413 1.59 b 
PK +2.194 Xg 5.322 2.29 * 
*N +29.$4b 
+15.66 Xj 26.77 0.58 e 
wr -0.02102 Xg 0.04748 0.44 e 
% clay 
-0.09550 Xg 0.2151 0.26 e 
Ni -0.07883 X^ 0.2747 0.29 e 
Ly -13.74 X^ 2.836 4.84 
* * 
+0.7664 X^ 1.040 0.74 e 
My -0.1026 Xy 0.06085 1.69 b 
Mr +0.4074 Xg 0.2076 1.96 a 
PH +3.502 Xg 2.503 1.40 b 
A 
v 1cy +13-52^ 
 ^N +5.144 Xx 6.742 0.76 e 
Sr +0.005283 Xg 0.01196 0.44 e 
% clay 
-0.1198 Xg 0.05416 2.21 * 
Ri -0.1255 Xi+ 0.06918 1.81 a 
Ly -2.924 x^ 0.7143 4.09 
** 
Cs +0.6779 X^ 0.2618 2.59 
* 
'V 
-0.05923 Xy 0.01532 3.86 * * 
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Table 20. (Continued) 
îi 
Equation 
Variate "2"^ = a  + ^  bix i  s(b^)  
Prob­
abil i ty 
level a  
YA 
Y-
Mr -0.002166 0.05227 0.04 e 
PH +0.2891 X] 0.6304 0.46 e 
-0.2149^ 
^ N -36.68 X^ 26.18 1.40 b 
Nr +0.08342 Xg 0.04643 1.80 s. 
% clay -0.04719 X, 0.2103 0.22 e 
Si -0.7445 X|+ 0.2686 2.77 * 
Ly -0.6240 X^ 2.773 0.58 e 
+2.076 X^ 1.016 2.04 a 
My -0.1174 x7 0.05949 1.97 a 
-0.2483 Xg 0.2029 1.22 c 
pH +3.390 Xg ' 2.448 1.38 b 
-50.Sib 
fo N + 105.0 X-j 42.82 2.45 * 
i\ 
-0.08773 Xg 0.07594 1.16 c 
% clay +0.04701 x^ 0.3440 0.14 e 
Ni +0.5259 XL 0.4394 1.20 c 
Ly -1.694 X5 4.536 0.37 e 
Cs -2.549 X^ 1.663 1.53 b 
My +0.08353 Xy 0.09731 0.86 d 
Mr +0.02339 Xg 0.3319 0.07 e 
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*i Variate ?i = & +][ bixi s(bi) t 
pH +7-760 Xq 4.003 1.94 a 
-6.484^ 
^ N +17.64 X]_ 51.56 0.34 e 
Nr -0.05554 Xg 0.09145 0.61 e 
clay +0.3610 Xg 0.4142 O.87 d 
Ni -0.08446 Xi+ 0.5291 0.16 e 
Ly +0.5951 X. 5.463 0.11 e 
Cg . +1.099.Xf 2.002 0.55 e 
My +0.2044 Xy 0.1172 1.74 a 
Mr +0.9287 X. 0 0.3997 2.32 
* 




+18.82 X]_ 25.02 0.75 e 
Nr -0.02213 Xg 0.04438 0.50 e 
^ clay +0.04339 Xq 0.2010 0.22 e 
Ni +0.4385" X^ 0.2567 1.71 b 
Ly -3.258 X% 2.651 1.23 c 
Cs -2.412 X^ 0.9716 2.48 
% +0.09008 Xy 0.05686 1.58 b 
Mr +0.02506 Xg 0.1940 0.13 e 
pH +4.784 Xg 2.339 2.04 a 
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Table 20. (Continued) 
Eauation A 





\ 0 3N 
-18.99 X]_ 24.64 O./? e 
--r -0.03557 Xg 0.04371 0.81 e 
clay +0.2100 Xg 0.1980 1.06 . c 
^i -0.09810 X^ 0.2529 0.39 e 
Ly +4.505 X^ 2.611 1.72 
cs +3.447 x^ 0.9570 3.60 
% -0.0009746 Xn 0.05601 . 0.02 e 
Mr +0.2501 Xg 0.1911 1.31 c 
PH -3.711 x^ 2.304 1.61 b 
-a2-b2 -10.68° 
;v N ' +52.43 X^ 27.34 1.92 a 
i.i r -0.03800 Xg 0.04849 G. '/ 8 e 
•% clay +0.1082 X, 0.2196 0.49 e 
Ni +0.5295 x^ 0.2806 1.89 a 





cs -1.335 X& 1.062 1.26 c 
My +0.02988 Xy 0.06214 0.48 e 
nr 
+0.07626 Xg 0.2120 0.36 . e 
PH -O.93OO Xg 2.556 0.36 e 
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^ N -7.908 41.55 0.19 e 
Kr -0.02530 Xg 0.07370 0.34 e 
^ clay 
-0.03310 Xg 0.3380 0.99 d 
Ni -0.25,8 X^. 0.4264 0.60 e 
Ly -3.744 X^ 4.402 0.S5 e 
cs -I.8II Xf, 1.614 1.12 c 
My +0.07936 X? 0.09444 0.84 e 
Mr +0.4492 Xg 0.3221 1.39 b 
PH +0.7856 Xg 3.885 0.20 e 
-11.89b 
yù N + 70.49 X]_ 23.17 3.04 ? 
Kr -0.1110 X2 0.04111 2.70 * 
% clay 
-0.05742 X? 0.1862 0.31 e 
Ni + 0.3023 XLj. 0.2378 1.27 c 
Ly +1.081 x^ 2.455 0.44 e 
-c.879 x^ 0.9000 0.98 d 
My +0.00809 Xy 0.05267 1.54 • b 
Mr +0.1704 Xg 0.1797 0.95 d 
PH +0.5156 Xg 2.167 0.24 e 
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Table 20. (Continued) 
Equat ion  
Prob­
ab i l i ty  
h Var ia te  Yi = & +][ biXi s (b i )  t  levela 
A 
-b3 -c3  
> K 
+14.94° 
-60.51 Xi - 41.35 1.46 - b 
Nr +0.09306 Xg 0.07334 1.27 C 
clay +0.4351 X^ 0.03322 1.31 C ' 
% -V.2564 X^ 0.4243 0.60 e 
Ly +1.530 X^ 4.351 0.35 e 
Gs +2.012 X^ 1.606 1.25  c 
Ky +0.0426 Xy 0.0940 0.45 e 
Hr +0.2059 Xg 0.3206 0.64 e 
pa 
-0.7577 Xg 3.866 0.97 Q 
%al. -c l  -21.96% 
fo N 
-0.1708 %i 19.89 0.00 e 
Kr -0.05770 Xn 0.03528 1.64 b 
^ clay + 0.2534.Xg 0.1598 1.58 b 
Ki +0.3404 Xi+ 0.2041 1.67 b 
Ly +1.247 X< y 2.107 0.59 e 
cs +1.035 X(: 0.7723 1.34 b 
My +0.08910 Xy 0.04520 1.97 a 
jVlr +0.2752 Xg 0.1542 I.7S a 
pH +1.073 Xg 1.860 0.58 e 
180 







Variate "?i = a + J %i%i s (b i )  t level* 
$a2-=2 +12.64% 
+44.52 X]_ 34.20 1.30 c 
Wr  
-0.06330 Xp 0.06067 1.04 d 
: j  c lay -0.2223 0.2745 O.Sl e 
K i  +0.2737 x4 0.3510 0.7S 0 
Ly -I.63S 3 •5 3.624 0.45 e 
-3.146 3 
-6 1.328 2.37 
>x 
My +0.1109 Z? 0.077/4 1.40 b 
Mr +0.5255 Xg 1.26 5 I.98 a 
PH -0.1444 Xn 
/ 
3.198 0.04 e 
/V 
Ya3-c3 +3.050% 
% N +9.974 % 1 36.06 0.28 0 
-0.01796 0.06396 0.23 e 
^ clay +0.3776 X3 0.2997 "1.30 c 
- i  +0.0459^ - %4 0.3700 0.12 e 
+2.611 % 3.S20 0.68 e 
cs  +1.133 % 
't 1.400 0.81 e 
Hy +0.1236 X7 0.08196 1.51 b 
•"i r  +0.3763 x8 0.2796 1.35 b 
pH -3.242 % 
'9 3.372 0.96 d 
l8i 
was 0.20 or higher, it was retained irregardless of the t-
value for the Xj_ in the regression equation. An exception to 
the procedure was followed for variates which had significant 
interaction terms. If any of the interaction terms in which 
the main effect appeared was significant, it also was re­
tained in the regression equation, although its jt-value may 
have been less than one and its correlation coefficient with 
the particular Y^ less than 0.20. Applying these conditions 
to the Xj_, it was found that several of the terms could be 
deleted from the individual equations. It was observed that 
even though a particular term was not significant at a cer­
tain depth layer during one experimental period, in later ex­
perimental periods this same term might become significant. 
Thus, to maintain a basis of comparison of the effect of the 
various factors on the absorption from a depth layer dur­
ing the course of the experiment, it was not possible to drop 
terms unless they had non-significant t-values in the regres­
sions on absorption during each of the three experimental 
periods. By using these criteria for the deletion of vari­
ates, it was only possible to omit the % N x Nj_ interaction 
from the regression equations for the absorption from the 
D2 depth layer. As was expected, deletion of this variate 
had little effect on the values of R^. 
The values of R^ for the equations representing total 
absorbed from each depth layer during the overall experi-
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ment were generally higher than those equations obtained for 
the absorbed•during the individual experimental periods. 
This probably indicates that the error associated with 
absorption was reduced by totaling the observations from all 
three experimental periods. 
The sums of squares due to regression for the various 
dependent variates varied considerably in regard to their 
significance levels of probability as shown in Table 21. The 
values of R~ for the individual equations ranged from 0.2636 
to 0.9616. It can be observed from Table 21 that the sums of 
squares due to regression were significant or highly signifi­
cant for the functions of Ytl, ^t3' % and ^ cy 
only one exception in both models. 
Inclusion of the interactions in the main model general-
p 
ly increased the values of R quite markedly as revealed by a 
comparison.of the values of giv en for the main and re­
duced models in Table 21. For example, inclusion of six var­
iates in the function of Yag increased the R^ values from 
65*03 to 88.83 percent over the reduced .model. This indi­
cates that including the interaction terms in the multiple 
regression equations gave a large gain in the precision in 
estimating Yag• In this instance there was also a highly 
significant reduction in residual error due to the inclusion 
of these six variates. Quite generally, where the sums of 
squares due to regression were significant or highly signi-
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Table 21. Analyses of variance for the two multiple regres­
sion models of Yj_ on selected X variâtes 
Source of 




















































































































3 .01* 0. 8946 0 .8004 
^Significant at the 0.10 probability level. 
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Table 21. (Continued) 
Yi 
Source of' 
variation d.f\ S .S. M.S. F 0 N2 











































2 .482 0. 8761 0 .7676 
I—1 M 























70.14 12.99 5.32 


















1 .61 0. 8264 0 .6829 
























2 .32% 0. 8534 0, .7282 







0. •99 0. 7546 0, .5695 
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Table 21. (Continued) 
Yi 
Source of 


























































.10 * 0 .8139 0 . 6624 

























































38 .12 % * 0 .9734 0. 947$ 
Table 21. (Continued) 
Yi 
Source of 
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0. 76 0. 5134 0 . 2636 











2. 38% 0. 7276 0 .5294 




















































0. 90 0. 5466 0 .2988 
1S7 
f icant  In the reduced model ,  inclusion of the interact ion 
terms resulted in a s ignif icant  reduction in residual  error .  
Considerat ion of  the part ial  regression coefficients  in 
1 the equations representing absorption from the surface 
layer  during each of  the three experimental  periods and dur­
ing the ful l  course of  the experiment reveals  that  their  t -
values became more s ignif icant  as  the experimental  periods 
progressed with the function of Y c j_ having seven s ignif icant  
_t-valu.es for  the part ial  regression coeff icients .  I t  would 
be expected that  the intensi ty of  the effect  of  the various 
soi l  and management factors  would be more marked as  the ex­
periment progressed which is  borne out  by these equations.  
For example,  general ly very few of the part ial  regression co­
eff icients  for  the soi l  and management factors  had t -values 
above unity in the regression equations for  the absorp­
t ion from the depth layer  during the f i rs t  experimental  
period.  However,  during the next  two experimental  periods 
the jfc-values for  the part ial  regression coefficients  of  sev­
eral  of  the main effects  and their  interact ions became s igni­
f icant .  I t  should also be noted that  the s igns of the par­
t ial  regression coefficients  for  the functions of  Y c j_ and Y^ 
are the same,  indicat ing that  the intensi ty of the effect  of  
the soi l  and management factors  on absorption was great­
est  for  the corn plants  which were permit ted to reach maturi­
ty .  Considerat ion of the s igns of  the part ial  regression co­
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efficients for the soil and management factors in the func­
tions of Ycl and Ytl reveals that the overall effect of % N 
on the regression was positive. The positive effect of % N 
in the regression equations was anticipated since absorp­
tion was highly positively correlated with % N. 
The overall effect of the variates % N ,  ^ clay, N r ,  M y ,  
A A 
Mr and pfi on the regression of Yq1 and was positive for 
both models. Generally, the overall effect of Ly in these 
two regression equations for the main model appeared to be 
negative. The partial regression coefficients for the main 
effect of Cg and % N x Cs in the function of Y^ have t;-
values of 0.24 and 0.46, respectively. Therefore, the prob­
ability that they are real is very low. The interactions, 
% N x % N x Nr and %• N x % clay, had negative partial re­
gression coefficients which indicates that the effect of Nj_, 
rlr and % clay on absorption from the surface layer was 
greater on the plots with low % N. The partial regression 
coefficients for % M x Ly and % N x My were both negative in 
the functions of Ycl and Y^. The negative sign of the % N x 
Ly coefficient indicates that the effect of % N on ab­
sorption was greater on the plots where meadow was grown in 
the previous year, while the negative sign of the coefficient 
for % N x My indicates that the effect of % N on absorp­
tion from the surface layer was greater on the plots which 
were a lesser number of years from their last manure applica-
189 
tion. 
The functions of Yal_-Dl, Yai-cl and Y^^-cl revealed a-
bout the same evidence regarding signs and significance lev­
els for the partial regression coefficients for the X vari­
ates. However, in the function of Yk]_
-C]_ the partial regres­
sion coefficients for Cs and % N x Cs were significant at the 
0.05 probability level, indicating that the effect of the 
cropping system did not become pronounced until the last ex­
perimental period. 
The partial regression coefficient for the three-factor 
interaction, % N x My x Mr, in the main model function of Y^ 
has a t-value of 0.27, indicating the probability that it is 
real is very low. However, if one considers this interaction 
in the main model function of Yc]_, the jt-value for its par­
tial regression coefficient is at the 0.10 level of signifi­
cance. The t-value for the three-factor interaction is also 
higher in the function of Y^^.ci an(3 ^al-cl' lower in the 
function of Ya]__bi, indicating that the effect of this inter­
action was also more pronounced during the last experimental 
period. 
Quite generally, the same factors which appeared to in­
fluence the iv"l5 absorption from the surface layer were active 
in affecting the absorption from the two lower depth layers. 
However, the partial regression coefficients of the various 
factors reveal that absorption from the lower depths may 
not be affected in the same manner by these factors as for 
the surface layer. An examination of the main model func­
tions of Ya2i ^b2' ~c2 and Yt2 reveals that the .t-values for 
the partial regression coefficients of the X variates in the 
function of Ya2 are much higher than the functions for 
absorption during the last two experimental periods (Yy2 an^  
Yc2)• The function of Yt2 reveals only four t-values for the 
partial'regression coefficients which have probability levels 
at or less than 0.30. This appears to be exactly the reverse 
of the probability levels for .t-values in the functions rep­
resenting absorption from the surface layer. In these func­
tions the significance of the partial regression coefficients 
for the factors was low in the first experimental period and 
became greater during the latter experimental periods. The 
absorption from the Do layer appeared to be better related to 
the soil and management factors during the first experimental 
period and revealed less relation to these factors as the 
season progressed. No reason is readily apparent as to why 
the relationship between absorption and the soil and man­
agement factors should be more marked at the D2 depth layer 
during the first experimental period than at the surface lay­
er. Consideration of the functions of Y&2-b2 anc* Yb2-c2 re~ 
veals that several of the soil and management factors were 
significant during the entire course of the experiment when 
the change in absorption between sampling periods was 
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considered. However, the values of R- for these equations 
were considerably lower than the R^ for the function of Yag* 
The poorer relation between n!5 absorbed from the !)•-• layer 
and the various soil and management factors during the last 
two experimental periods may have been due to an inadequate 
available water supply within the D- depth layer. As was 
pointed out earlier in the discussion, the soil within the Dg 
depth layer on many of the plots was near, at or below the 
wilting point when the first sampling of corn plants was tak­
en during the period of August 4 to 8 and the available water 
content of this depth layer was even more exhausted on many 
of the plots in this layer during the second sampling of corn 
plants between August IS and 22. Thus, perhaps the unequal 
distribution of available water at this depth layer among the 
plots influenced the I\"l5 uptake during the latter experimen­
tal periods and partly nullified the effect of soil and man­
agement factors resulting in less significance for the fac­
tors as the experiment progressed. 
An examination of the function of $a2 for the main model 
reveals that the partial regression coefficients for seven 
variates have a probability level of 0.01 or less. Three 
variates have significant t-values and only one variate N 
x My x Mr) has a probability level greater than 0.40. The 
partial regression coefficients in this equation have seven 
signs in common with partial regression coefficients in the 
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A /x 
Yc]_ and Y^-j. functions discussed previously. The partial re­
gression coefficient for % N is negative in the function of 
A 
Ya2; and if the first partial derivative of this equation is 
taken with respect to ^ N and the X^ means are substituted 
into the resulting partial derivative equation, it is found 
that the overall effect of this variate was negative. The 
effect of at the D2 depth layer was negative as antici­
pated because of the dilution effect previously discussed. 
The partial regression coefficient for % clay was negative, 
but % clay x % N was positive. No explanation of these coef­
ficients can readily be given. Their probability is low 
which may mean their real effect is really zero. The partial 
regression coefficient for Ly is negative. However, the 
first partial derivative is positive due to the influence of 
the positive % M x Ly interaction. Also, the partial regres­
sion coefficient for Cs was negative and highly significant, 
indicating that the cropping system had strong influences on 
LI 15 absorption from the D2 layer during the first experimen­
tal period. The % N x Cs interaction also was highly signi­
ficant. The positive sign of this interaction indicates that 
1 the effect of Cs on absorption from the Dp layer was 
greater on the plots with higher % N. 
An examination of main model functions of Ya^ , Y^o, Y^g, 
A A A 
Ya3-b3' Yb3-c3 anc^  ~a3-c3 reveals that the .t-values of the 
partial regression coefficients for the various factors in 
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all of these equations generally were not significant at the 
0.05 probability level. The highest R2 for these equations 
was 0.8121 which was obtained for the function of Yt3* Gen­
erally, the soil and management factors with the highest t-
values were Nr, 1%, Cs. fs K x and % M x Kp. The function 
of reveals that the partial regression coefficient of the 
interaction, •% K x Cs, had a t-value that was significant at 
the 0.10 probability level. Quite generally, the signs of 
the partial regression coefficients were the same as those 
obtained in the prediction equations for absorbed from 
the Dp depth layer. Thirteen of the signs of the partial re-
A 
gression coefficients in the function of Y^g were in common 
with those of function of Yc^, indicating that the influence 
of the soil and management factors were greatest on the 
absorption from the Do layer during the third experimental 
period. Some inconsistencies in the signs of the partial re­
gression coefficients were noticed when comparing the predic-
1 ^  '' tion equations for the N-L-/ absorption from the 1)^ depth lay­
er. Perhaps, this is due to the varying degrees of corre­
lation which exist among the variates (Table 19). It appears 
to be impossible to vary one variate over a wide range and 
keep the variates with which it is correlated constant. 
Since interaction terms were included in the main model re­
gression equations, the variates for the main effects were 
highly correlated with their interaction terms as well as 
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•with the interaction terms of the other variates with which 
they were.correlated. Anderson and Bancroft (3) stated that 
when there is high correlation among variates, it may be im­
possible to interpret one partial regression coefficient as 
the change in Y when its X variate varies while holding the 
other Xj_ constant since some of the other Xj_ may vary also. 
Thus, it may be impractical in some multiple regression anal 
yses to consider that any of the X^ can be held constant' 
while some other one varies. In such cases they concluded 
the regression equation should be considered as a whole. 
The .t-values , of the partial regression coefficients for 
% N and the Kr variates were highly significant and signifi-
A -A 
cant for the functions of Ya^_bn and Y^ for the reduced mod 
el, perhaps indicating that the effect of these factors was 
greatest during the second experimental period. 
. Quite generally, it appears that the same factors which 
affect the absorption from the Di and Dp depth layers 
were active in affecting the absorption in the Dg depth lay­
er. However, it appears that the effects of these factors 
were not as marked in the deeper layers as they were for the 
surface layers. The effects of the various soil and manage­
ment factors on absorbed from the Dg depth layer appeare-
to become more significant during the last experimental peri 
od. This was. expected since the total absorption from 




The main model functions of and YCy are given in Ta­
ble 20. It will be noticed that the t-values of the partial 
regression coefficients for the X variates in these equations 
are generally not significant. However, consideration of Ta­
ble 21 reveals that the sums of squares explained by the re­
gressions for these prediction equations were highly signifi­
cant. Also, comparison of both the main and reduced model 
functions of Y^ and YCy in Table 20 reveals that terms highly 
significant in the reduced model became non-significant in 
the main model. This undoubtedly illustrates the effect of 
high intercorrelation among the X variates. The values of 
A A 
for the main model functions of YJJ and YCy are 0.9601 and 
0.9616, respectively, indicating that a large share of the 
variability of yield and plant nitrogen composition can be 
explained by the effects measured. Several of the terms with 
low probability levels were deleted from these equations. A 
deletion of three of the X variates had little influence on 
the values of R2 but increased the t-values of several of the 
variates quite markedly as shown in Table 22. 
The influence of the available moisture variable on I\[l5 
absorption was not as marked as anticipated after the prelim­
inary examination of the data (Table 23). This may be due to 
the intercorrelation of the soil moisture variates with some 
of the other variates such as Ly and % clay (Table 19). The 
196 
Table 22. Multiple regression statistics for the main model 




Yj_ Variate %i = % +Z bixi s( bj_) t level» 
A 
% +57.26% -
Nr -O.2813 %2 1.272 1.04 c 
%i +1.704 XL 3.276 0.52 e 
Ly -15.07 11.86 1.27 c 
cs +0.07117 x& 12.45 0.00 e 
-0.3843 X? 0.3679 i.o4 c 
Mr -6.451 Xg 4.572 1.4l b 
^NxLy +12.65 53.26 0.24 e 
^KxNi -6.964 X11 13.90 0.50 e 
+0.9810 X^2 0.9383 1.04 c 






















80.8$ 0.26 e 
0.07860 0.48 e 
aa = 0.05 < probability level ^  0.10. b = 0.10 < prob­
ability level < 0.20. c = 0.20 < probability level ^  0.30. 
d = 0.30 < probability level < 0.40. e = probability level 
>0.40. 
%This is a, the constant in the regression equation. 
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Variate = a + 2Z. s( On) t levela 
-0.1130 Xif 0.0784-9 1 .44 b 
ly -6.306 X^ 5.055 1 .25 c 
cs -3.271 Xf 2.911 1 -L .12 c 
1'ip +2.1;1 Xg 1.222 1 .76 s. 
pH +2.006 X^ 1.138 1 • 76 a 
;JNXLv +4.857 X]_Q 24.28 .20 e 
"0.1p5^ ;• 0.2761 0 . 56 e 
•sNxfsclay 
-0.8417 Xi? 0.3229 2 .61 * 
/sNxC s +16.29 X^L 13.05 1 .25 c 
;ÛNxi-iy 
-0.2694 X]_2 0.08223 3 .28 % * 
)JNxMyX>:r + 1.211 X]_é • 0.8160 1 .48 b 
2 
= 0.9503 
soil mo isture varia tes 
' 
5ml' °r;;2' Srn3' bni4 = sŒ5 and Sm6 
peare d to have thei r main influen .-I £ ce on in1-' abso: rption during 
the first and second experimental periods. This was antici­
pated since the moisture samples were taken at the end of 
each of these periods. However, there appeared to be some 
effect of the soil moisture variate, on absorption dur­
ing the third experimental period as is revealed by examina­
tion of equation [6 J for function of in Table 23- Since 
Table 23. Multiple regression statistics for the main re­
gression model of Y ,s Y_0,'Y_-,S Y Y+, and Yt.~. 
on selected X variais ^ tu. 
Prob-
Equation Equation ability' 
number Variate = a + 21 bi_Xi s( bj_ ) t level3 
al M -10.4lb 
M +80.(4 X^ 351.7 0 .23 . e 
rjr +0.3276 X2 0.2084 1 .57 b 
/J clay 
-0.2056 X^ 1.223 0 .17 e 
-i +0.8121 XL 2.589 V .31 e 
% -0.6846 X^ 13.08 0 .05 e 
Cs -4.284 X& 7.095 0 .60 e 
My +0.1333 Xy 0.3173 0 .42 e 
>/ i-r -0.01993 Xg 0.1138 0 .18 e 
pH -O.3282 Xq 2.898 0 .11 e 
JjMxLy +2.636 X]_Q 65.45 0 .04 e 
foKxN -4.361 X^ 11.20 0 •39 e 
/cNxNr -1.140 X^2 0.6929 1 .64 b 
;"cEx-ôclay +0.02140 X%2 5.304 0 .00 e 
^NxOg +20.71 xxi. 31.00 0 .67 e 
joKxMy -0.7236 X]_< 1.300 0 • 56 e 
>Nxl-lyXl-lr -0.1588 X16 0.7028 0 .22 e 
aa = 0.05 < probability level < 0.10. b = 0.10 < prob­
ability level <"0.20. c = 0.20 c probability level < 0.30. 
d = 0.30 < probability level < 0.4-6. e = probability level 
>0.4-0. 
bThis is a, the constant in the regression equation. 
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Table 23. (Continued) 
- - Prob-
Equation aquation . ability 
number Variate = a + s( bj_) t level01 
+1.398 Xi? 1.413 1.01 c 
A 
il J O7O A]_^7
= 0.621 
Y%2 (3 +64.00' 
-397.5 Xi . 129.7 3.06 ** 
^r +0.3077 X2 0.1140 2.70 
* 
% clay -0.5060 X? 0.6032 0.84 e 
Ni ^0.5027 Xi, 0.1066 4.72 
Lv -21.23 x^ 7.143 2.97 * 
Cs -15.30 X^ 3.953 3.87 ** 
My +0.1489 Xy 0.09220 1.62 b 
Mr -0.2399 Xg 0.08038 2.98 ik 
PH +5.350 X^ 1.372 3.90 * 
viNxLy +62.12 XlQ 32.70 1.90 & 
;6NxI^ 
-O.9OO6 X^2 0.3940 2. pg * 
/^Nxflcla y +2.247 X13 2.307 0.97 d 
^NxCg +72.65 X^ 17.72 4.10 # * 
%NxMy -0.9593 X^c 0.3944 2.43 * 
7'ON XMyXMp +0.2976 Xi& 0.4824 0.62 e 
Sm2 +0.5061 X^8 1.133 0.4$ e 
= 0.8901 
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Table 23- (Continued) 
Equation 
^ Equation 







^ N +647.5 X]_ 404.4 1.60 b 
^r +0.4706 Xg 0.2396 1.96 a 
% clay +2.299 Xj 1.406 1.64 b 
Ki +1.678 2.977 0.56 e 
Ly +29.52 X$ 15.04 1.96 a 
cs -0.3866 X& 8.158 0.05 e 
% +0.1002 Xy 0.3648 0.27 e 
Mr -0.2038 Xg 0.1308 1-56 b 
PH +5.158 X5 3.332 1.55 b 
%NXLy -I5I.8 X^Q 75.26 2.02 a 
#NxNi -8.281 X]_i 12.88 0.64 e 
-1.535 X12 0.7967 1.93 s. 
/oNx;%clay 
-9.368 X13 6.098 1.54 b 
%NxCg +5.291 X^L 35.64 0.15 e 
#xl/y -O.876O X]_< 1.494 0.59 e 
^NxMyXMr +1.521 X]_6 0.8080 1.88 a 
Sml +5.041 X17 0.01624 1.87 a 
2 = 0.6210 
-203.2b 
^ N +718.4 X]_ 411.4 1.75 b 
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number Variate "^i = a + Z °ixi s(bi) t level* 
Nr +0.328$ %2 0.1993 1.6$ b 
% clay +3.150 X^ 1.536 2.05 a 
Ni +3.010 Xi. 3.115 0.97 d 
Ly +2$.=4 x^ 13\95 1.86 3 
-6.300 X& 8.571 0.73 e 
M 
••y +0.2980 Xy 0.3847 0.77 e 
hr -0.1645 Xg 0.127$ 1.29 c 
PH +5.794 Xo 3.380 1.71 b 
#NxLy -l4l.0 X10 71.28 1.98 a 
;fblNXlN"i -14.14 X1X 1.351 1.05 c 
-1.025 X^2 0.6720 1.52 b 
^Nx^clay 
-13.27 Xi] 6.700 1.98 a 
#xCg +29.21 Xi)+ 37.44 0.7S e 
^NXMy -I.717 X15 l.$95 1.08 c 
%NxMyXMr +1.150 X^ 0.7594 1.51 b 
Sm2 +3.722 X18 1.897 1.96 a 
^ = 0.6298 
$a3 [5] -119.4b 
^ N +372.1 X% 422.6 0.88 d 
Nr +0.2916 X2 0.2346 1.24 c 
% clay +1.475 X] i.$$o 0.9$ d 
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'able 23. (Continued) 
Prob-
Equation Equation ability 
Yc2 (6) 
Variate ^i = a + ^ 2 ^iXi s( °i) t : Levi 
»i . +0.5431 Xl+ -3.272 0.17 e 
Ly +17.50 X% 14.62 1.20 c 
cs -0.2516 x& 9.041 0.03 e 
% +0.05027 Xn 0.4025 0.12 e 
Mr -0.1812 Xg 0.1443 1.26 c 
pH +4.949 Xo 3.872 1.28 c 
^NXLy -92.79 X^Q 73.33 1.26 c 
-3.475 X11 14.12 0.25 e 
—0.^^04 Xn^p 0.7812 1.22 c 
i&Nx^clay 
—6. l4l X]_2 6.687 0.92 d 
#xCg +6.424 X 39.53 0.16 g 
;6NxMy -0.5647 X15 1.640 0.34 e 
^NxMyxMr +1.001 X^f 0.8496 1.18 c 
Sm3 +0.6546 Xj_q 0.7188 0.91 d 
-1.2 = 0.5352 
+l43.0b 
fo H 
-513.1 Xi 327.2 1.57 b 
Nr -0.7163 %2 0.2994 2.39 * 
fo clay 
-1.257 x^ 1.626 0.77 e 
Ni -0.2478 X^ 0.3200 0.77 e 
Ly -37.25 X^ 17.87 2.08 a 
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Table 23. (Continued) 
Prob-
Equation Equation ability 
Yj_ number Variate = a bj_Xj_ s( bj_) t level3 
-7.674 X(, 10.06 0.76 e 
% +0.2259 Xy 0.2630 0.86 e 
Mr +0.4482 Xg 0.2075 2.16 a 
pïï +2.266 Xg 3.929 0.-58 e 
+155.0 XiQ 81.88 1.89 a 
+2.8o4 9 1.019 2.83 V 
^Kx^clay + 2.063 X]_2 5.843 0.35 e 
fSNXCg +23.81 X^ 44.98 0.53 e 
%NxMy -0.3486 Xi$ 1.080 0.32 e 
%NxMyXMr -2.613 X%6 1.236 2.11 a 
^m5 +1.190 X21 0.6849 1.74 b 
R 2 = 0.7540 
-282.3^ 
^ N +937.6 Xi 456.8 2.05 a 
Kr +0.5314 Xg 0.2707 1.96 a 
% clay +2.240 X. 1.583 1.41 b 
Ni + 5.330 Xi+ 3.363 1.58 b 
L3r +39.64 Xc 16.99 2.33 
* 
cs -2.128 X& 9.21 0.23 e 
My +0.5718 Xy 0.4121 1.39 b 
Mr +0.2211 Xg 0.1478 1.50 b 
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Table 23. (Continued) 
Equation 
Yj_ number Variate 
Equation 
ï'i = a + E bixi s(bi)  V 
Prob­
abil i ty 
level^ 
PH +9.900 Xg : 3.764 2.63 * 
>NxLy -203.1 X10 85.00 ' 2.39 -k 
-23.06 X11 14.55 1.58 b . 
;SNxN r  -i.723 x12 0.8999 1.91 a 
>ivx>c lay 
-9.52$ X^ 6.888 1.38 b 
^NxCg +19.46 X^L. 40.25 0.48 e 
^NXÎ'Iy -2.226 Xi$ 1.6888 1.32 c 
'  ^NxMyXMf +0.6001 X^, 0.9127 0.66 e 
sml +2.262 X17 1.835 1.23 c 
= O.879i 
ït2 [9 -41.68^ 
N +73.08 Xi 472.5 0.15 e 
N r  +0.09094 Xg 0.4796 0.19 e 
^ clay +0.2475 X^ 1.986 0.12 e 
K i  -0.5364 Xi+ 0.3628 1.48 b 
Ly +2.518 X^ . 27.53 0.09 e 
cs -1.182 X& 13.61 0.09 e 
'"y +0.1244 X7 0.3167 0.39 e 
M r  +0.01347 Xg 0.2805 0.05 e 
PH +0.8546 Xg 4.789. 1.78 b 
/oNXLy 
-65.07 X10 126.7 0.51 e 
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Table 23• (Continued) 
Pro'o-
Equation Equation ability 
number Variate "?i = a + X ^ iXi s.(bi) t level3 
•aNxNp +0.04376 X]_2 1 .607 0 .03 e 
.i-oNx^clay -0.8508 7 .539 0 .11 e 
-2.027 X^ 60 .64 0 .33 e 
/jNXHy -0.5794 1 .331 0 .44 e 
>NxMyXMr +2.027 1 .733 1 .32 c 
sml +7.011 X1? 3 .490 .01 a 
R^ = 0.7916 
rainfall occurring during the early part of the third experi­
mental period was light, it would be expect edHfnat the mois­
ture conditions in this depth layer during the last of the 
second experimental period would be highly related to.the-
moisture conditions at this depth during the third experimen­
tal period. The available moisture variates, S^]_ and S-^s 
which represent the moisture conditions of the and Dp 
depth layers during the first sampling dates were somewhat 
better related to the absorption from these layers for 
all periods than the available moisture variates, Sm]_ and • 
Smc;, which represent the moisture conditions of the D]_ and 
layers during the second sampling dates. As was discussed 
previously, this may be due to the fact that the major pro­
portion of the absorbed at these depths was absorbed dur-
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ing the first experimental period. A comparison of equations 
[3] 5 M and [5] for the functions of Ya^ in Table 23 reveals 
that the effect of available soil moisture on the regression 
was positive and that the effect of available moisture ap­
peared to be better related to the absorption from depth 
layers below where the soil moisture samples were taken. The 
effect of the soil moisture variate, Sm]_, on rA? absorption 
during the course of the experiment is also reflected in e-
quations [_?] and [8] for the functions of and Y^ as 
shown in Table 23 -
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SuKM&RY AND CONCLUSIONS 
In accordance with the development of this investiga­
tion, this section is presented in two parts. 
Nitrate Movement Experiment 
There were highly significant differences in the. effect 
of the applied increments of water on the two rates of ni­
trate applied to all three soils. Highly significant in­
creases in the applied nitrate content of the N^ profiles 
were obtained as deep as the 30 to 36 inch layer in the Ida 
silt loam, 24- to 30 inch layer in the Nicollet silt loam and 
2b to 30 inch layer in the Edina silt loam. There is evi­
dence that nitrate movement occurred at the higher rates of 
water treatments through the entire five-foot profile in the 
Ida and Nicollet silt loams. However, the quantities lost by 
leaching through the profile did not appear to be signifi­
cant. The results obtained for the Ida and Nicollet silt 
loams show a trend toward a linear relationship of movement 
of nitrate with applied increments of water. It appears that 
the distribution of nitrate and water may be related to the 
size and continuity of the pore space of the soil. The dis­
tribution of nitrate seemed definitely to be influenced by 
known physical properties of the Edina silt loam. 
On all three soils additional amounts of nitrate were 
obtained over and above the No plus N]_ rate of nitrate-
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nitrogen applied at the high nitrate-nitrogen rate and the 
low water rates, thus, indicating that nitrate accumulations 
may have occurred as an indirect effect of the nitrate appli­
cation. 
The. failure of the sampling procedure to recover addi­
tional quantities of nitrate over that which was added for 
the '^'2» and water rates may be explained on the basis 
that the additional quantities of water added to these plots 
either removed the quantities of nitrate synthesized by the 
microbiological population or prevented its formation by the 
removal of the applied nitrate from the layer of the maximum 
biological population, i.e., the topsoil or 0 to 6 inch depth 
layer. 
The nitrate data obtained from these experiments appear 
to be definitely biased in two manners--one of which appears 
to be an overestimation for nitrate movement in place in the 
field, while the other may be an underestimation. It could 
be expected that each of these effects may compensate for 
each other to some extent. As level an area as possible was 
selected for these experiments and the plots were located on 
nearly level soil areas where the runoff was somewhat below 
average under practical field conditions. This is especially 
true when one considers the experimental site selected for 
the study on the Ida silt loam. The infiltration rings 
served to hold the water in place and keep it from running 
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off  in i ts  normal manner.  Thus,  the eight  inches of  water  
applied would be expected to be more effect ive in moving ni­
trate  down through the soi l  profi le  than the same amount of  
precipi tat ion fal l ing as rainfal l ,  i f  no barr iers  such as  the 
infi l t rat ion r ings were imposed.  I t  could be expected that  
the use of  the infi l t rat ion rings would lead to an overest i­
mation of  the quanti ty of  ni t rate  moved down through the soi l  
profi le  as  a  function of applied water .  The underest imation 
of  ni t rate  movement might  be expected because of  the fai lure 
to account  for  a l l  of  the water  and ni trate  applied on the 
subplots  in the volume of  soi l  sampled.  However,  i t  should 
be recognized that  some lateral  movement of  water  and ni trate  
probably could be expected even i f  infi l t rat ion r ings were 
not  used.  Even though the total  quanti ty of  ni t rate  at  each 
depth sampled may be s l ightly overest imated or  underest imated,  
i t  could reasonably be expected that  the total  depth pene­
trated by the ni trate  in this  invest igat ion when related to 
the quanti ty of  water  applied would be greater  or  equal  to  
but  not  less  than the penetrat ion of ni t rate  as a function of 
rainfal l  occurring normally.  
More defini te  information on the pat tern of water  move­
ment through the soi l  is  considered necessary to help inter­
pret  resul ts  l ike those obtained in the present  ni t rate  move­
ment s tudy as v/el l  as  helping in making recommendations re­
garding movement of  ni t rate  through the soi l .  In future ex-
périmants involving study of ni t rate  and water movement,  the 
excel lent  possibi l i ty exists  for  the use of  the neutron mete 
to  measure the change in moisture content  of  the soi l  prior  
to the sampling of  the soi l  for  ni trate .  Such a  technique 
would make i t  possible to study the actual  movement of  the 
water  through the soi l  and thus,  i t  would be possible to di­
rect ly relate  water  movement to  ni trate  movement.  Also,  the 
t racers  and 1^5 might  be employed together  in a movement 
s tudy.  I t  would be possible in this  manner to  study the fat  
of  both applied water  and ni t rate .  
The effect  of  s t ructure on ni trate  movement in  the soi l  
has not  been direct ly studied thus far .  A ref inement of  
technique may be considered necessary to obtain the direct  
effect  of  soi l  s tructure on the movement of  ni t rate  in soi l .  
This  would require the control  of  a l l  other  factors  and vary 
ing s tructure.  This  undoubtedly would lead to a laboratory 
study.  
More information needs to be obtained on the effect  of  
a l ternat ing wet and dry condit ions on the ni trate  released 
from the higher organic matter  soi ls  in Iowa.  Also,  quanti­
tat ive evaluat ion of the ni trate  lost  from the soi l  profi le  
as  a resul t  of  devitr i f icat ion is  needed,  part icularly for  
soi ls  l ike the Edina (Planosol)  in  southern Iowa.  More in­
formation is  needed relat ive to the condit ions which are 
conducive to this  process,  s ince the recommendations based 
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on this study no doubt would be affected by such losses. if 
they do occur. 
Nitrate Absorption Experiment 
An experiment was conducted to study absorption by 
1 •" 
corn plants under field conditions. The K J was placed in 
the soil at depths centered at 6. 24 or 42 inches under each 
of three corn hills in each of thirty plots. One plant was 
removed from each of the corn hills during three sampling 
periods during the growing season and total nitrogen and r:^-5 
were determined on the plant samples. The influence of sev­
eral soil and management factors on absorption was mea­
sured . 
The rjl? absorption data indicate that greater ab­
sorption occurred during the latter part of the growing sea­
son from the deeper depth layers than from.the surface layer. 
However, evidence was obtained in this experiment which indi­
cates that this phenomenon was due to a dilution effect. 
Thus, even though larger quantities of N-5 were absorbed from 
the lower depth layers over the duration of the experiment, 
it appears that the total quantity of inorganic nitrogen ab­
sorbed from these layers was less. The increased absorp­
tion from these layers does indicate, however, that root ac­
tivity in these layers was marked, especially during the last 
two experimental periods. It appears that corn plant roots 
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can recover nitrate leached to depths in the soil comparable 
to those studied in this experiment. Highly significant cor 
relations between absorption 'and crop yield were found t 
exist. The influence of the various factors which appeared 
to affect lîl5 absorption also appeared to have still larger 
effects on crop yield and total nitrogen content of the corn 
plants taken from each plot. 
The use of multiple regression techniques established 
that several highly significant interactions do exist betwee 
the various soil and management factors in affecting ab­
sorption. Several of these interactions appear to be sub­
stantiated on the basis of the observations of other investi 
gators. 
Highly significant positive correlations were found to 
exist between 11-^' absorption and total nitrogen of the soil. 
Lower, but still significant positive correlations were esta 
blished among H1) absorption, rate of nitrification and ini­
tial nitrate content of the soil. The effect of the manage­
ment factor, years from last meadow, generally appeared to 
have a negative effect on i:absorption which indicates tha 
corn immediately following meadow may expect a stimulating 
effect on nitrogen absorption possibly due to the enhanced 
effect which meadow crop residues have on nitrogen minerali­
zation from the soil organic fraction. During certain exper 
imental periods the cropping system appeared to have signifi 
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cant effects on K-^ absorption. The effect of cropping sy­
stem on the quantity of absorbed did not appear to be as 
marked as the effect of years from meadow. The pH of the 
soil appeared to be positively correlated with N-? uptake and 
its effect in several of the prediction equations was signi­
ficant. The effect of the three-factor interaction in sever­
al of the prediction equations was significant, indicating 
that complex interactions between the various soil and man­
agement factors do exist. As might be expected, nearly every 
soil and management factor selected for the multiple regres­
sion analyses appeared to have significant or highly signifi­
cant effects on absorption from individual depth layers 
during certain experimental periods. 
In future investigations of this type or in further 
treatment of the data obtained in this experiment, it might 
be helpful to separate the independent variates into differ­
ent categories in regard to their possible .direct or indirect 
effect on the dependent variates. The independent variates 
would then be included in different models with the respec­
tive dependent variates. The effect of the intercorrelation, 
between variates such as % N and on the regression could 
be minimized in this manner and the independent contributions 
to the regression of the independent variates could be more 
readily ascertained with greater precision. 
The composition and migration of into the various 
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plant parts during different periods of the growing season 
has not been investigated thoroughly in this experiment. 
Further consideration of these data in this direction .should 
reveal part of the seasonal translocation pattern of lA? 
within the corn plant. 
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APPENDIX A 
Table 24. Individual determinations of nitrate-nitrogen in pounds per acre in Ida 
silt loam as a function of depth, nitrate levels and water application 
Depth 
Inches 























12 .2  

























2 . 8  
1.6 

































































23 .2  
24,8 
18.7 
8 . 6  
6.0  
3.8 
0 6 28.0 24.8 16.0 17.O 15.5 
6 - 12 15.2 14.6 8.1, 7.7 6.0 
12 - 18 14.8 14.3 10.4 11.0 8.0 
18 - 24 12.0 20.7 12.8 9.5 9.6 
24 
- 30 3.3 12.0 11.4 14.8 8.6 
30 - 36 2.5 5.6 19.2 15.8 11.2 
36 - 42 1.8 2.8 5.6 7.6 12.0 
42 - 48 1.8 1.9 2.4 3.8 10.8 
48 
- 54 1.7 1.8 1.7 1.9 7.2 
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44.3 
28.6 


















Table 25. Individual determinations of nitrate-nitrogen in pounds per acre in 













































2 . 8  
2.4 







1 . 6  
1.5 





9.5 1 < 5  160.0 36.0 69.0 61.0 80.0 
5.7 6.4 26.4 2S.0 32.0 30.M 39.4 
1.9 3.9 11.5 h 0.0 10.1 20.4 16.8 
1.9 2.4 7.9 8.0 9.5 8.7 10.4 
2.0 2.2 2.4 5.6 3.8 5.5 8.8 
1.8 1.9 12.3 4.0 3.1 4 .0 7.2 
1.6 2.8 8.8 5.2 2.6 3-4 8.4 
2.4 2.4 3.2 3.4 1.9 3.1 5.8 
1.9 12.0 3.5 5.2 2.6 2.6 ' 2.6 





0 6 13.0 14.3 18.3 20.0 28.0 148.0 
6 - 12 4.0 8.0 5.6 8.8 20.7 21.1 
12 - 18 3.2 3.6 4.6 4.6 17.2 12.6 
18 - 24 3.5 2.8 3.1 3.9 4.3 4.3 
24 - 30 2.4 9.2 1.7 3.2 19,2 2.2 
30 - 36 3.2 13.1 3.2 2.4 2.2 2.6 
36 - 42 3.2 1.5 1.6 2.6 2.0 2.4 
42 - 48 3.1 16.0 1.6 3.5 1.8 3.4 
48 
- 54 3.0 2.6 1.6 2.6 1.8 2.3 



















2 . 2  
43.0 













2 . 6  
2 . 6  
2.4 
Table 26. Individual determinations of nitrate-nitrogen in pounds per acre in Edina 
silt loam as a function of depth, nitrate levels and water application 
inches ^0 ^1 
from i . - to Wo W i \'i 2 «3 Wl, Wo wx y/ 2 w3 W4. 
First replication 
0 6 .14.7 11.5 12.3 9-Z 8.2 155.0 136.0 55.o 55.0 42.0 
6 - 12 6.5 6.0 5.7 7.8 7.0 4.0 21.8 9.5 20.0 23.0 
12 — 18 8.0 4.4 3.9 . 6.4 4.0 6.0 10.6 5.2 8.4 8.0 
18 - 24 • 5.7 4.8 7.2 5-7 4.4 6.4 7.5 4.3 8.7 4.9 
24 - 30 ' 5.2 4.8 4.9 5.7 2.7 6.8 15.2 3.9 8.8 4.4 
30 36 4.0 4.4 2.5 3.6 4.0 6.6 4.0 1.6 5.9 ' 2.8 
36 - 42 3.1 3.4. 2.8 3.7 2.5 4.0 3.4 2.8 3.1 2.8 
42 48 4.0 3.4 1.5 2.8 2.8 4.4 4.0 1.6 2.8 2.8 
48 - 54 2.3 3.1 1.8 3.4 3.11 3.7 3.4 2.3 3.3 2.2 
$4 - 60 3.8 3.4 1.6 3.4 3.9 . 3.6 4.0 2.2 3.7 2.8 
Second replication 
0 6 19.0 13.0 18.0 28.0 17.0 i5o,o 140.0 107.8 84.0 97.Q 
Û - 12 20.0 17.0 17.0 13.7 22.0 17.0 20.8 42.0 23.0 33.6 
12 - 18 9.6 8.3 9.2 7.0 9.2 12.3 14.0 11.1 19.4 12.3 
18 - 24 8.8 9.5 8.8 7.0 10.5 12.3 11.3 17.7 22.4 8.7 
24 30 10.0 8.3 9.2 6.4 9.2 14.7 10.5 11.1 7.2 8.0 
30 36 9.5 7.6 8.0 5.2 8.3 15.2 8.0 11.2 7.4 6.2 
36 • T 42 6.2 8.0 7.6 4.7 7.4 8.4 8.8 8.0 5.2 5.6 
42 - 48 6.4 6.8 7.9 4.6 5.8 7.2 6.7 10.0 10.5 5.6 
48 54 4.8 8.0 2$.0 5.5 6.4 6.8 8.8 6.7 5.2 6.1 
54 60 7.0 7.1 6.8 4.8 6.4 3.5 10.0 6.4 6.0 12.4 
Table 27. Percent of water by weight from individual moisture determinations in the 
Ida silt loam 
Depth 
Inches 
from - to 
NQ 
Wq W]_ w- W4 Wo Wl 
_Nl 

























































































































0 6 22.29 25.54 27.03 
6 - 12 19.52 22.54 23.92 
12 - 18 19.45 21.11 23.21 
18 - 24 19.4-2 21.43 23.95 
24 - 30 19.35 21.01 23.37 
30 36 19.25 20.39 24.39 
36 - 4-2 18.26 19.62 22.90 
4-2 - 48 17.68 21.20 21.81 
48 - 54 16.66 16.33 17.91 







































































Table 28. Percent of water by weight from individual moisture determinations In the 
Nicollet silt loam 
Depth 
inches 
from - to Wq Wi 
NO 
W 2 W3 WL, W 0 Wi W2 w- vJl|. 
First replication 
0 - 6 25.00 28.29 26.32 
6 - 12 20.99 22.39 21.21 
12 - 18 19.79 18.75 21.18 
18 - 24 15.19 17.04 15.91 
24 - 30 16.66 17.39 18.42 
30 36 12.90 13.16 16.28 
36 - 42 14.77 16.92 18.25 
42 - 48 14.04 17.02 18.93 
48 - 54 16.66 14.91 20.21 






























































































































































































Table 29. Percent of water by weight from Individual moisture determinations in the 
Edina silt loam 
Depth 
Inches 
from - to 
NQ 
W, 0 W i w- W4 w, 0 Wi 
il 
W O W: WI. 
First replication 
0 _ 6 31.12 25.00 31.13 37.18 31.04 30.10 31.00 29.79 31.18 31.50 
6 - 12 29.83 31.07 28.34 29.37 30.15 29.26 28.69 26.99 28.35 30,82 
12 - 18 31.14 33.09 31.57 26.84 32.65 28.77 28.36 33.88 29.25 30.77 
18 - 24 36.40 36.78 39.21 36.22 36.88 37.80 35.97 36.40 38.46 37.85 
24 "" 30 38.52 42.99 39.25 39.63 39.29 36.43 36.90 38.39 36.70 39.83 
30 ». 36 35.70 40.31 36.53 36.30 35.23 34.23 37.81 35.00 35.64 35.22 
36 - 42 32.37 34.16 31.48 34.42 34.33 32.45 31.76 30.82 31.91 31.73 
42 48 30.93 23.36 28.00 31.62 28.03 31.00 31.13 29.41 28.94 29.50 
48 — 54 28.32 26.32 25.50 25.69 24.70 25.80 26.83 26.11 26.97 27.69 

























































































































Table 30. Multiple regression equations for the Ida silt loam which express the re­
lation between depth (d) and the estimated nitrate-nitrogen in pounds per 
acre (Y) at the indicated nitrate-nitrogen and water rates where Wq 
through WL|. are the rates of applied water and Nq and are the 0 and 120 
pounds of nitrate-nitrogen rates, respectively 
Coefficients of 
Variable aa d d2 d3 a1'- d5 
YvVqNq = 275.8116 - 215.3513 + 86.7858 - 17.6968 4- 1 .6902 - 0.06000 
Y*V i_NQ = 272.0083 - 287.5695 + 135.2545 -.28.4l4l -f 2 .6731 - 0.09231 
= 238.1386 - 225.0346 + 83.8657 - 12.9470 + 0 .8350 - 0.01769 
Yvv^Nq = 216.7846 - 207.5814 + 83.5744 - 14.7103 + 1 .1567 - 0.03346 
= 115.9594 _ 89.7666 + 31.0994 - 4.4224 + 0 .2630 - 0.00526 
Y/VQN]_ = 1417.5814 - 1398.3538 +• 534.4138 - 96.4901 + 8 .2358 - 0.26744 
YWiN^ = 1419.5050 - 1283.4162 + 463.7046 - 80.5507 + 6 .6838 - 0.21244 
YwVNi = 659.7012 - 611.4629 + 251.5208 - 49.2563 + 4 .4802 - 0.15240 
YV.3N1 = 219.1963 - 161.3105 + 69.7216 - 13.2148 + 1 .0814 - 0.03167 
YWlf.N1 = 149.9255 - 45.0543 + 8.5957 4- 0.8331 - 0 .3252 + 0.01910 
aa is the intercept. 
Table 31• Multiple regression equations for the Nicollet silt loam which express 
the relation between depth (d) and the estimated nitrate-nitrogen in 
pounds per acre (Y) at the indicated nitrate-nitrogen and water rates 
where Wq through Wi, are the rates of applied water and Nq and Ni are 
the 0 and 120 pounds of nitrate-nitrogen rates, respectively 
Coefficients of 
Variable aa d d^ d3 d^ d5 
YWgNo = 234.8086 - 277.2644 + 129.0466 - 27 .4118 + 2.6710 - 0.09654 
YW^NQ = 75.7352 - 34.6199 + 3.7068 + 0 .9168 - 0.1855 + 0.00846 
ÏW2NQ — 236.6607 - 225.4615 + 86.1364 - 15 .5615 + 1.3266 - 0.04295 
yw3n0 = 79.9362 - 33.2970 + 11.9579 - 2 .9655 + 0.3454 - 0.01423 
= 194.0085 - 159.8825 + 66.6951 - 13 .7821 + 1.3337 - 0.04808 
YWgNi. = 1860.5779 - 1818.4963 + 674.7437 - 117 .8671 + 9.7585 - 0.30859 
^i%l = 198.7950 - 2.4443 - 29.7804 + 7.8572 - 0.7632 + 0.02590 
yw2nl = 619.1876 - 448.8246 + 137.1139 - 20 .8889 + 1.5569 - 0.04513 
YW3N1 = 383.8748 - 230.5358 + 61.4232 - 8 .6752 + 0.6348 - 0.01885 
YW4N1 = 716.2259 - 563.6577 + 179.3291 - 27 . 5473 + 2.0290 - 0.05731 
aa is the intercept. 
Table 32. Multiple regression equations for the Edina silt loam which express the 
relation between depth (d) and the estimated nitrate-nitrogen in pounds 
per acre ( Y) at the indicated nitrate-nitrogen and water rates where Wo 
through are the rates of applied water and NQ and are the 0 and 
120 pounds of nitrate-nitrogen rates, respectively 
Coefficients of 
Variable aa d d2 d3 dL|- d5 
YWqNQ = 7%.9322 + 5,5429 - 10.6071 + 3.5454 - 0.4220 + 0.01718 
YW^No = $0.5991 + 7.4781 - 10.5068 + 2.7763 - 0.2906 + 0.01077 
YW2Nq = 164.2704 - 164.4309 + 79.5780 - 17.9507 + 1.8493 - 0.07000 
YW^NQ = l$4.oo42 - III.2319 + 38.8012 - 6.7227 + 0.5612 - 0.01795 
YW i|N q =s 13.5242 + 72.0588 - 42.2404 + 9.3819 - 0.9115 + 0.03244' 
Yw qN i = 2105.7933 - 2238.8289 + 881.6700 - 160.3083 4 13.6443 - 0.44013 
Yk'iNi , 1804.7454 - 1864.6471 + 729.2437 - 132.3113 + 11.2393 - 0.36141 
W2W1 = 671.6699 - 780.8827 + 278.6817 - 47.4898 + 3.8625 - 0.12051 
Yw'3N1 = 766.2055 - 723.4093 + 279.9302 - 51.4520 + 4.4584 - 0.14641 
YW^K^ = 625.3501 - 470.8220 + 143.5931 - 21.2209 + 1.5077 - 0.04103 
aa is the intercept. 
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APPENDIX 3 
Nitrate Absorption Experiment 
Soil analytical methods 
Tests for rate of nitrification, initial nitrate, avail­
able phosphorus^ exchangeable potassium and pK were made on 
the- soil samples by the Iowa State University Soil "Testing 
Laboratory according to the methods described by Hanway (37) 
and Hanway and He id el (4-1). 
Total soil nitrogen was determined on the soil samples 
by using the Kjeldahl method as outlined by Black (14-) with 
slight modifications. A standard sulfuric acid solution was 
used to collect the distillate rather than standard hydro­
chloric acid. Nitrogen recovery was checked using 1, 3-
diphenlyguanidine and nearly 100 percent recovery was indi­
cated. Almost identical values for duplicate samples were 
obtained for nitrogen content of the soil material. Organic 
carbon of the soil was determined by the dry combustion meth­
od described by Black ( 14-). Mechanical analyses of the soil 
samples were performed by the hydrometer method described by 
Bouyoucos (16). Percent moisture of the soil values were 
converted into available soil moisture values by using bulk 
density and wilting point values obtained by Shrader (108) 
and Neilsen (83). 
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Table 33* Total nitrogen, N^-5 excess and dry matter in 
leaves,.stalks and grain of the corn plants which 
were previously treated with N-*-5 at varying depths 








N1^  excess 
absorbed 
(in. ) (g.) w m (mg.) 
First sa .mpiing dates : August 4 - 8, 19$9 
• 
Leaves ' 
910 6 ' 32 1.44- .3$4$ 1.63 
24 35 1.4$ .1956 0.99 
42 28 1.42 .0101 0.40 
1010 6 - 58 2.84 .1823 3.00 
24 54 2.76 .1090 1.62 
42 45 2.80 .0437 0.$$ 
1009 6 60 2.$0 .1079 1.62 
24 64 2.36 .2021 0.30 
42 55 2.64 .0034 0.0$ 
1008 6 53 2.94 .1169 1.82 
. 24 '53 2.91 .110$ 1.70 
42 55 2.94 .0307 o.$o_ 
100? 6 52 2.$6 .1393 1.8$ 
24 68 2.71 .0941 1.73 
42 62 2.74 .0098 0.17 
1006 6 44 2.96 .1332 1.73 
24 51 2.8$ .1117 1.62 
42 47 2.49 .0071 0.08 
1005 6 65 2.99 .1466 2.8$ 
" 24 45 3.12 .0607 0.8$ 
42 55 3.12 .006$ 0.11 
1004 6 55 2.94 .0768 1.24 
24 61 3.08 .0$63 1.06 
42 55' 2.81 .089$ 1.38 
1003 6 51 3.01 .0649 1.00 
24 75 2.76 .0608 1.26 
42 46 2.83 .00$8 0.76 


























































































































































































































































































































































( in. ) • ( g • ), {%) (%) ( mg. ) 
St alks 
910 6 49 0.48 .5709 1.34 
24 87 0.42 .3546 1.00 
42 50 0.55 .0597 0.16 
1010 6 149 1.10 .2943 4.82 
24 137 0.99 .1807 2.45 
42 140 1.29 .0649 1.17 
1009 6 156 0.91 .1900 2.70 
24 156 1.08 .3300 5.56 
42 177 1.19 .0145 0.30 
1008 6 147 1.11 .1912 3.12 
24 150 1.08 .1655 2.68 
42 143 1.19 .0511 0.87 
1007 6 130 1.23 .2375 3.80 
24 176 1.41 .1542 3.83 
42 183 1.12 .0295 0.60 
1006 6 l4l 1.23 .1954 3.17 
24 145 0.96 .1724 2.40 
42 148 1.11 .0128 0.21 
1005 6 176 1.22 .1876 4.03 
24 l4l 1.32 .0911 1.70 
42 154 1.22 .0202 0.38 
1004 6 192 1.50 .1128 3.25 
24 222 1.50 .0684 2.28 
42 199 1.21 .1398 3.37 
1003 6 204 1.36 .0991 2.75 
24 230 1.36 .1090 3.41 
42 157 1.16 .0228 0.42 
1002 6 196 1.11 .1694 3.68 
24 176 1.12 .1377 2.71 
42 127 1.10 .084$ 1.18 
244 
Table 33• (Continued) 
Oven-dry Total N15 n15 excess 
Plot Depth weight N excess absorbed 
( in.) (g.) W (SO (mg-. y 
1001 6 190 1.32 .2170 5.44 
24 108 1.31 .0754 1.07 
42 196 1.44 .0176 0.50 
1000 6 125 1.33 .1161 1.93 
24 136 1.16 .0843 1.33 
42 132 1.21 .0533 0.85 
1100 6 151 1.04 . .1864 2.93 
24 204 1.16 .0932 2.20 
42 129 1.10 .0365 0.52 
1101 6 194 1.10 .1425 3.04 
24 217 1.31 .0743 2.11 
42 186 1.11 .1338 2.76 
1102 6 171 1.06 .1933 3.50 
24 160 1.30 .1421 2.77 
42 127 1.27 .0279 0.45 
1103 6 172 1.29 .1256 2.79 
24 219 1.46 .0590 1.89 
42 248 1.30 .0251 0.81 
1104 6 128 1.14 .3006 4.39 
24 195 1.26 .0334 0.82 
42 228 1.08 .0407 1.00 
1105 6 140 1.04 .2245 3.27 
24 186 1.06 .2767 5.46 
42 154 0.95 .1137 1.66 
1106 6 243 '1.14 .1741 4.82 
24 182 0.98 .1301 2.32 -
42 206 1.23 .0853 2.16 
1107 6 250 1.42 .1077 3.45 
24 230 1.10 .0150 0.38 
42 154 0.99 .0074 0.11 
1108 6 186 1.04 .1591 3.08 
24 160 1.01 .1361 2.20 
42 225 1.00 .0154 0.35 
24$ 










( in. ) (g.) m (%) (mg. ) 
1109 6 221 1.16 .1880 4.82 
24 158 1.16 .1069 1.96 
42 174 0.96 .0642 1.07 
1110 6 203 1.11 .1159 2.61 
24 205 0.96 .1526 3.00 
42 149 1.03 ' .1114 1.71 
1402 6 195 0.90 .1425 2.50 
24 92 0.74 . .1029 0.70 
42 162 0.92 .2734 0.4l 
1404 6 135 0.80 -.4162 4.47 
24 199 0.97 .2478 4.78 
42 196 0.72 .1285 1.8l 
1406 6 227 0.80 .2087 3.79 
24 195 1.00 .3045 5.94 
42 187 0.73 .0793 1.08 
1407 6 142 0.88 .2831 3.41 
24 193 0.88 .1814 3.08 
42 245 0.99 .0763 1.85 
l408 6 245 0.82 .2753 5.53 
24 190 0.95 .2803 5.06 
42 223 0.74 ;3027 5.00 
1410 6 138 0.92 .3384 4.30 
24 127 0.69 .3387 2.97 
42 146 0.73 .1458 1.55 
909 6 102 0.44 .3905 1.75 
24 44 0.53 .4414 1.03 
42 53 0.58 .0496 1.52 
Second sampling dates : August 18 - 22, 1959. 
Leaves 
910 6 40 1.27 .3041 1.54 
24 45 1.11 .2998 1.64 
42 48 1.23 .4147 2.45 
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(in.) (g.) m (%) (mg. ) 
1010 6 69 2.48 .1205 2.06 
24 58 2.05 .1812 2.16 
42 66 2.23 .0819 1.20 
1009 6 82 2.01 .1216 . 2.01 
24 77 2.02 .0482 0.75 
42 . 71 2.28. .0644 1.04 
1008 6 66 1.85 .1303 1.59 
24 51 2.14 .1697 1.8$ 
42 81 1.93 .1166 1.82 
1007 6 62 2.18 .1157 1.56 
24 65 2.21 .0760 1.09 
42 66 2.46 .0652 1.06 
1006 6 73 1.82 .0844- 1.12 
24 62 2.17 .0459 0.62 








 6 84 2.28 .0870 1.67 
24 55 2.64 .1088 1.58 
42 _ 61 2.50 .0896 1.36 
1004 6 81 2.23 .0585 1.06 
24 68 2.08 .0342 0.48 
42 75 2.43 .0842 1.53 
1003 6 82 2.12 .1235 2.14 
24 76 2.33 .0766 1.36 
42 60 2.30 . 0186 0.26 
1002 6 67 2.23 .0877 1.31 
24 76 2.34 .0525 0.93 
42 58 2.29 .0131 0.17 
1001 6 54 2.33 .1167 1.47 
24 65 2.34 .1253 1.90 
42 70 2.22 .0773 1.20 . 
1000 6 55 2.56 .2]%6 3.05 
24 93 2.30 .0770 1.65 
42 55 2.22 .0425 0.52 
247 










( in • ) (g.) w m (mg.) 
1100 6 61 2.4 7 .1560 2.35 
24 61 1.82 .2743 3.00 
42 48 2.23 .0435 0.46 
1101 6 72 2.45 .0979 1.73 
24 82 2.24 .0649 1.19 
42 68 2.25 .0571 0.87 
1102 6 59 2.39 .0629 O.89 
24 78 2.39 .0235 0.44 
42 68 2.35 .0471 0.75 
1103 6 67 2.40 .0456 0.73 
24 81 2.4l .0947 1.85 
42 82 2.13 .0662 1.16 
1104 6 77 2.31 .0797 1.42 
24 81 2.42 .0263 0.52 
42 69 2.24 .0177 0.27 
1105 6 61 2.23 .1301 1.77 
24 57 2.64 .l4l4 2.13 
42 58 2.12 .0162 0.20 
1106 6 83 2.07 .0717 1.23 
24 85 2.13 .0448 0.81 
42 80 2.48 
_.0427 0.85 
1107 6 91 2.35 .1442 3.08 
24 84 2.27 .0412 0.78 
42 ' 87 2.24 .0608 . 1.18 
1108 6 74 1.99 .1579 2.32 
24 70 2.02 .1122 1.59 
42 93 2.24 .0317 0.66 
1109 6 81 2.15 .1442 2.51 
24 102 2.28 .1430 3.33 
42 75 1.93 .1999 2.89 
1110 o 106 2.32 .1530 3.76 
24 67 2.26 .1862 2.82 
42 81 1.88 .1856 2.83 
248 










(in.) (g.) m (2)  (mg.) 
1402 6 85 2.12 .1909 3.44 
24 76 2.17 .0310 0.51 
42 86 2.16 .2478 4.60 
1404 6 64 1.85 .1186 1.40 
24 58 1.78 .1795 1.85 
42 79 2.00 .0699 1.10 
1406 6 59 2.91 .0442 0.76 
24 63 2.76 .1201 2.09 
42 53 1.73 .0521 0.49 
140? 6 93 2.72 .0866 2.19 
24 73 2.52 .1576 2.90 
42 55 2.27 .1196 1.49 
1408 6 73 1.94 .1385 1.96 
24 62 2.02 .1679 2.10 
42 63 2.07 .0603 0.79 
1410 6 66 1.72 .1900 2.16 
24 45 1.94 .0757 0.93 
42 49 1.64 .2623 2.11 
909 6 4l 1.66 .3384 2.30 
24 39 1.80 . .0990 0.70 
42 42 0.83 .2907 1.01 
Stalks 
910 6 84 0 .56  .4884 2.30 
24 98 0.62 .4820 2.93 
42 114 O.38 .7017 3.04 
1010 6 238 1.03 .1600 2.32 
24 210 1.00 .2330 4.89 
42 194 1.03 .1023 2.04 
1009 6 272 1.11 .1823 5.5c 
24 272 1.14 .0538 1.67 
42 247 1.16 .0940 2.69 










(in.) (g.) (2) (%) (mg. ) 
1008 6 23$ 1.18 .2050 $.68 
24 183 1.01 .2598 4.80 
42 277 1.21 .1508 5.05 
1007 6 217 1.09 .1710 4.04 
• 24 231 1.08 .0907 2.26 
42 242 1.19 .0643 1.8$ 
1006 . 6 233 1.04 .1574 3.81 
24 21$ 1.19 .0754 1.93 
42 196 1.04 .1707 3.48 
100? 6 284 1.04 .1279 3.77 
24 200 1.09 .150$ 3.28 
42 198 1.01 .0246 0.49 
1004 6 320 1.17 .0893 3.34 
24 279 1.21 .0516 1.74 
42 264 1.06 .0376 1.05 
1003 6 338 1.28 .1736 7-51 
24 309 1.00 .099$ 3.07 
42.. 263 1.18 .0378 1.17 -
1002 6 283 1.13 .1111 3.92 
24 319 1.26 .0731 2.94 
42 262 1.31 .0317 1.08 
1001 6 227 1.17 .1925 $.11 
24 223 1.12 .1526 3.81 
42 227 1.16 .1089 2.87 
1000 6 222 1.14 .1880 4.76 
24 300 1.11 .0948 3.16 
42 206 1.05 .0652 1.41 
1100 6 235 1.06 .2424 6.04 
24 150 O.98 .3679 5.41 
42 178 1.00 .0468 0.83 
1101 6 256 1.06 .152$ 4.14 
24 248 0.93 .1018 2.3$ 
42 290 1.03 .0820 2.4$ 
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(in.) (g.) m m (mg.) 
1406 6 195 . 0.95 .0212 . 0.39 
24 295 0.80 .216.9 5.12 
" 42 252 0.90 .0805 1.82 
14-07 6 350 0.85 .1315 3.91 
• 24 312 0.8l .2393 6.05 
42 259 0.99 .1892 4.85 
1408 6 326 0.85 .204$ 5.67 
24 297 0.86 .2822 7.21 
42 277 0.98 .0919 2.49 
1410 6 279 0.82 .3126 7.15 
24 15$ 0.75 .1094 1.27 
42 185 0.66 .3791 4.63 
909 6 106 0.57 .6118 3.70 
24 71 0.36 .1388 0.35 
42 93 0.28 .4824 1.26 








910 6 36 0.65 .3368 0.79 
24 34 0.41 .6144 0.86 
42 51 0.40 .1594 0.32 
1010 6 117 1.53 .1063 1.90 
24 103 1.08 .1436 1.60 
42 115 1.31 .1478 2.23 
1009 6 82 1.06 " .1483 1.29 
24 95 1.44 .0691 0.94 
42 89 1.71 .1503 2.29 
1008 6 106 1.55 .0950 1.56 
24 95 1.57 .1127 1.68 
42 77 1.26 .1705 1.65 
1007 6 115 1.23 .0703 0.99 
24 77 1.23 .1329 1.26 
42 103 1.44 .1057 1.64 
252 










( in. ) (g.) m m (mg.) 
1006 o ,72 1.03 • .1487 1.10 
• 24 100 1.32 .1667 2.20 
42 101 1.05 .0854 0.90 
1005 6 108 1.48 .0731 1.17 
24 112 1.36 .0547 0.83 
42 87 1.51 .1273 1.67 
1004 6 140 1.36 .0691 1.32 
24 125 1.28 .0364 0.58 
. 42 130 1.67 .0853 1.85 
1003 6 111 1.54 .0817 1.4o 
24 115 1.28 .0509 0.75 
42 207 1.55 .0720 2.31 
1002 6 89 1.55 .0826 1.14 
24 110 1.26 .0441 0.61 
42 110 1.26 .0771 1.07 
1001 6 111 1.53 .1444 2.45 
24 101 1.81 .0215 0.39 
42 . 88 1.44 .0379 0.48 
1000 6 100 1.42 .4206 4.34 
24 70 1.33" .0911 0.85 
42 110 1.10 .0950 - 0.82 
1100 6 125 1.11 .0731 1.01 
24 108 1.36 .0924 1.36 
42 144 1.43 .0858 1.77 
1101 6 63 1.46 .0900 0.83 
24 132 1.37 .0760 1.37 
42 94 1.28 
.0573 0.69 
1102 6 122 1.27 .0685 1.06 
24 106 1.36 .1483 2.14 
42 129 1.23 .0455 0.72 
1103 6 120 1.43 .1081 1.86 
24 104 1.24 .1483 1.91 
42 134 1.63 .1263 2.76 
253 























































































































































































































































































































































( in. ) (g.) (#) (mg.) 
1004 6 215 1.10 .0952 2.25 
24 149 0.86 .0274 0.35 
42 110 1.04 .0948 1.08 
1003 6 125 1.23 .1236 1.90 
24 152 1.21 .0913 1.68 
42 176 0.91 ' .1070 . 1.71 
1002 6 102 1.03 .1694 1.78 
24 132 1.00 .0685 0.90 
42 111 0.72 .1371 1.10 
1001 6 122 1.08 .0631 0.83 
24 99 1.05 .0767 0.80 
42 136 1.11 .0767 1.16 
1000 6 130 0.89 .0839 0.96 
24 81 0.76 .1091 0.67 
42 114 0.61 .1862 1.29 
1100 6 90 0.57 .0756 0.39 
24 83 0.92 .1151 0.88 
42 112 0.66 .1395 1.03 
1101 6 .90 0.81 .0957 0.70 
24 134 0.66 .0933 0.82 
42 88 0.59 .0921 0.48 
1102 6 85 0.75 .0771 0.49 
24 93 0.46 .0629 0.27 
42 81 0.73 .1763 2.01 
1103 6 10/ 0.85 .1018 0.92 
24 71 0.67 .1853 0.88 
42 156 0.73 .1763 2.01 
1104 b 165 1.01 .1040 1.73 
24 128 0.76 .1001 1.14 
42 60 0.78 .1138 0.53 
1105 6 102 0.57 .1221 0.71 
24 113 1.16 .1121 1.47 
42 117 0.75 .1126 0.99 
2$6 























































































































































































(in.) (g.) m m (mg.) 
909 6 26 0.66 .3562 0.61 
24 76 0.81 .5312 3.27 
42 38 c.31 .3535 0.42 
Grain 
910 6 40 1.74 .3888 2.71 
24 72 0.93 .7463 5.00 
42 106 1.13 .3896 4.67 
1010 6 211 2.05 .1248 5.40 
24 207 1.75 .1704 6.17 
42 230 1.81 .1847 7.69 
1009 6 182 1.84 .2216 7.42 
24 159 1.98 .1412 4.44 
42 166 1.92 .2114 6.74 
1008 6 246 1.94 .1413 6.74 
24 156 2.01 .1122 3.52 
42 170 1.67 .2325 6.60 
1007 6 242 1.96 .1469 6.97 
24 185 1.80 .1528 5.09 
42 189 1.93 .1277 4.66 
1006 6 194 1.69 .1830 6.00 
24 200 1.85 .I960 7.25 
42 228 1.73 .1161 4.58 
1005 6 203 1.85 .0801 3.01 
24 232 1.91 .0640 2.84 
42 216 1.84 .1597 6.35 
1004 6 237 1.74 .1041 4.29 
24 263 I.81 .0605 2.88 
42 224 1.94 .1130 3.48 
1003 6 231 1.93 .1188 5.30 
24 201 2.03 .1036 4.23 
42 243 1.84 .0969 4.33 
258 










( i n . )  ( g . )  m m (mg.) 
1002 6 232 1.94 .0973 4.38 
24 239 1.99 .0814 3.87 
42 2$0 1.86 .1108 5.15 
1001 6 185 1.87 .1230 4.26 
24 171 1.91 .0394 1.29 
42 161 1.87 .0608 1.83 
1000 6 221 1.87 .0995 4.11 
24 159 2.08 .1642 5.43 
42 236 1.83 .2647 11.43 
1100 6 169 1.88 .1094 3.48 
24 196 1.90 .1112 4.14 
42 329 1.63 .0921 - $.09 
1101 6 189 1.94 .0743 2.72 
24 242 2.12 .1240 9.08 
42 278 1.74 .0713 3.45 
1102 6 250 1.84 .0830 3.82 
24 . 245 1 . 9 6  .0743 3.57 
42 179 1.99 .0759 2.70 
1103 6 247 1.87 .1189 5.49 
24 213 1.85 .2429 9.57 
42 275 1.96 .1650 8.89 
1104 6 210 1.89 .1219 4.84 
24 276 1.82 .1204 6.05 
42 190 1.92 .1021 3.72 
110$ 6 234 1.78 .1027 4.28 
24 66 2.48 .0870 1.42 
42 215 i.98 .0832 3.54 
1106 6 260 1 . 8 1  .1203 5.76 
24 217 1.99 .2184 9.43 
42 188 2.03 .1010 3.85 
1107 6 219 1.76 .1178 4.54 
24 222 2.08 .2194 10.13 
42 250 1.85 .2122 9.81 
259 

















































































































































9 2.13 .3305 0.63 
59 1.31 .9514 7.35 
Table 3*+. Chemical and physical properties of soil samples taken at varying depths 
from the thirty fertility plots 
Plot Depth 
Soil test results In pounds per acre_ 
Rate of Moist Dry 
Organic Total Initia], nitrifi- Avail. exch. exch. 











































































































0. 5  




2 . 5  
1 . 2  
1 . 0  
1 . 0  
1 . 0  
11.$ 
3 . 8  
2 . 0  
1 . 0  
1 .0  
5 .0 
3.$ 
1 . 0  
1 . 0  








































6 . 4  
6 . 4  
6.6 
7 . 2  
8 . 3  
^•3 
6 . 3  
6 . 9  
7-4 
6 . 5  
6.6 
6.8 





















1 7 . 5  6 4 , 1  
2 2 . 8  $ 6 . 3  
2$.7 49.2 







33.9 34.7 31.4 
3$.3 33.9 30.8 
38.0 31.0 31.0 
33.4 2$.6 4l.O 
24.7 40.$ 34.3 
28.9 35.9 3$.2 
28.8 34.4 36.8 
29.3 28.2 42.$ 
29.3 23.0 47.7 
23.2 20.7 $6.1 
aSamplcs stored air-dry. 
^Samples stored field moist. 
Table 34. (Continued) 
Soil test results In pounds per acre 
Rate of Hoist Dry 
Organic Total Initial nitrifi- Avail, exch. exch. 
Plot Depth C 
( in • )  m 
1007 0 _ 6 2.60 
6 — 12 2.18 
12 — 24 1.17 
24 — 36 0.40 
36 - 48 0.27 
1006 0 6 2.34 
6 12 . 2.12 
12 2»! 1.26 
24 36 0.4-3 
36 - 40 0.2$ 
100$ 0 6 2.$6 
6 - 12 2.20 
12 - 24 1.7$ 
24 - 36 0.77 
36 - 48 0.$6 
1004 0 6 2.39 
6 12 2.64 
12 24 l.$4 
24 M 36 0.63 
36 - 48 0.43 
1003 0 6 2.06 
6 - 12 1.83 
12 
24 
- 24 0.99 
- 36 0.49 



























nitrate3 cation3 Pa kb K b 
Mechanical 
analyses 
Clay Silt Sand 
12 86 2 . $  62 100 6 . 4  
14- 77 • 1 . 2  39 9 4  6 . 4  
12 12 1 . 0  $4 200 6.9 
20 6 1 . 0  36 140 7 . 3  
16 6 1 . 0  28 128 8 . 0  
12 87 1 . $  71 109- 6 . 2  
n 62 0.$ 44 120 6 . 3  
16 16 1 . 0  $0 188 6 . 4  
12 6 1 . 0  
. 32 124 7.8 
12 6 1 . 0  28 112 8.2 
12 84 1 . 2  6$ 9.2 6 . 1  
12 72 0.$ 48 96 6.2 
30 66 1 . 0  62 216 6.2 
24 6 1.0 36 148 7 . 0  
18 6 1 . 0  32 128 8.2 
12 69 8.3 87 104 6 . $  
10 74 6.0 $$  92 6 . 4  
20 24- 3 . 6  70 188 6 . 4  
24 ' 6 1 . 0  46 164 6 . 8  
30 4 1.0 32 136 8.2 
12 94 1 2 . 0  89 114 6.7 
12 70 $ . 8  $0 92 6. $ 
30 12 1 . 0  $0 160 6.7 30 6 
6 
1 . 0  34 136 7 . 2  
36 1 . 0  36 104 8.3 
m WÔTT 
27.2 32.0 40.8 
2$.9 31.8 42.3 
27.4 24.2 48.4 
23.4 20.3 $6.3 
19.0 2$.$ 
26.6  



















2 5 . 1  
28.0 
23.4 



































$ 8 . 2  
Table 34.- (Continued) 
Soil test results in pounds per acre 
Rate of Moist Dry-
Plot Depth 
Organiq Total Initial nitrifi- Avail, exch. exch. 
N nitrate3 cation3 Pa Kb K b 
•Mechanical 
analyses 
pHa Clay Silt Sand 
( in, . )  W m 
10u2 0 — 6 1 . 9 9  .203 12 
6 - 12 1.84 .190 9 
12 ' w 24 0.92 .114 24 
24 - 36 0.53 .066 42 
36 - 48 0.36 .04-7 24 
1001 0 6 2.10 .199 15 
6 12 2.19 .189 12 
12 - 24 1 . 5 5  .141 30 
24 - 36 0.90 .094 28 
36 - 48 0.64 .0$6 18 
1000 0 6' 2.44 .22$ 12 
6 - 12 2.46 .223 12 
12 - 24 1.70 .181 23 
24 — 36 0.67 .083 24 
36 - 48 0.4$ .0$$ 20 
1100 0 6 2.83 .234 12 
6 - 12 2.36 .216 10 
12 - 24 1.69 .163 24 
24 - 36 0.90 .090 20 
36 - 48 0.37 .032 20 
1101 0 — 6 2.16 .211 8 
6 - 12 2.20 .200 10 
12 - 24 1.39 .1$9 18 
24 - 36 0.70 .086 24 



























1 . 0  
1 .0  
1 . 0  
3 . 0  
2.0  
2 . 0  
1 .0  
1 . 0  
2 . 0  
1.5 
1.6 
1 . 0  
1 . 0  
2 .0  
1 .0  
1.0 
1 , 0  
1 . 0  
lû 
2 .0  
1 .0  

















































6 . 5  
6 . 5  
7 . 9  
8 . 3  
6 . 2  
6 . 2  
6 . 5  
7 - 9  
8 . 2  
6 . 2  
6 . 2  
6 . 2  
6 . 7  
7 - 9  
6 . 2  
6d 
7 . 0  
8 . 2  
6 . 2  
6.2 
6 . 5  
7 - 7  
8 . 2  
(%) (%) (%) 
25.3 2$.3 49.4 
28.2 22.6 49.2 
26.3 21.8 $1.9 
27.0 17.5 55.5 
23.4 23.0 $3.6 
24.0 28.5 47.5 
2 6 . 1  2 8 . 5  4 5 . 4  
30.3 33.1 36.6 
26.6 23.8 49.6 
25.1 20.5 54.4 
26.3 37.9 35.8 
30.1 38.1 31.8 
30.3 38.9 30.8 
33.9 24.0 42.1 
37.0 27.0 36.0 
28 .6  
31.2 
31.6 






























Table 34. (Continued) 





P l o t  Depth C N nitrate3 cation3 pa Kb Kb pH3 
( i n .  )  W (%) 
1102 0 - 6 1.94 .189 12 82 4 . 0  107 128 6 . 3  
6 - 12 1.7$ .175 10 69 2.0 $9 108 6 . 3  
12 - 24 0.8$ .092 24 24 1.0 46 198 6. $ 
24 - 36 0.48 .067 24 6 1 . 0  4-0 204 7 . 9  
36 - 48 0.67 .04$ • 24 4 1.0 44- 188 8.2 
1103 0 6 2.09 .202 12 74- 1 . 8  72 110 6 . 6  
6 - 12 1.9$ .181 12 ' $4 1 . 2  38 104 6.7 
12 - 24 1 . 0 1  .117 24, 12 1 . 0  60 194 6.8 
24 - 36 1.38 .078 20 6 1 . 0  48 1$6 8.0 
36 - 48 0.26 .038 20 4 1.0 46 128 8 . 4  
1104 0 6 2.41 .222 36 90 3.2 80 120 6.4 
6 - 12 ' 2.18 .218 10 77 2 . 2  $7 112 6. $ 
12 - 24 1 . 4 1  .153 13 ' 30 1 . 0  4-8 192 6 . 6  
24 - 36 0. $4 .08$ 16 / O 1 . 0  38 168 8 . 1  
36 - 48 0.$8 .036 28 2 1 . 0  44 136 8 . 3  
110$ 0 6 2.08 .200 14 94 1 . 2  73 120 6 . 4  
6 - 12 1.76 .191 4 73 0.$ 44 104 6 . 4  
12 24 1 . 2 0  .129 8 24 1 . 0  $6 236 6 . 5  24 
- 36 0.77 .038 20 12 1.0 4-4 212 8.1 
36 - 48 o.$o .0$2 20 6 1 . 0  $8 148 8.2 
1106 0 - 6 2.72 .236 12 106 10.0 166 184 6.6 
6 - 12 2.34 .222 10 94 4 . 0  7$ 120 6.$ 
12 - 24 1.84 .210 20 24 3.0 72 204 6. $ 24 - 36 0.93 20 12 1 . 0  $6 192 7 . 1  36 - 48 0.39 .042 24 • 6 1 . 0  32 l4o 8 . 1  
Mechanical 
analyses 
Clay Silt Sand 
tkt 
27.6 31.0 4l.4 
28.2 31.2 40.6 
28.4 26.8 44.8 
24.7 31.9 43.4 
21.3 25.1 $3.6 
2$.9 33.3 40.8 
2$.l 36.8 38.1 
28.9 36.3 34.8 
28.8 41.9 29.3 
2$.9 45.2 28,9 
24.9 32.6 42.$ 
29.3 35.9 34.8 
32.4 34.7 32.9 
29.1 32.2 38.7 
26.3 42.9 30.8 
31.6 37.2 31.2 
31.2 3$.$ 33.3 
33.9 34.7 31.4 
34.1 37.2 28.7 
18.8 27.2 $4.0 
27.4 35.8 36.8 
28.2 38.7 33.1 
29.3 34.7 36.0 
18.6 33.3 48.1 
15.7 33.0 $1.3 
\ 
Table 34. (Continued) 
Plot Depth 
Soil test results in pounds per acre 
Rate of Moist Dry 
Organic Total Initial^ nitrifi- Avail, exch. exch. 
C N nitrate3 cation3 Pa K Kb pH3 
Mechanical 
analyses 






















































.26$ 14 . 107 14.0 219 218 6.5 
.251 12 100 1 0 . 8  129 158 6.5 
.162 18 34 3 . 0  88 252 6.7 
.097 16 8 1 . 0  74 236 7.5 
.051 24 18 1 . 0  48 140 8.1 
.319 10 . 132 13.0 148 170 6 . 6  
.290 9 102 9 - 5  60 128 6 . 6  
.125 16 28 2.0 92 274 7.0 
.086 18 12 2.0 74 304 7 . 2  
.058 18 6 1 . 0  52 204 7.8 
.34$ 16 73 I3.O 85 204 6.9 
.259 10 81 5 . 8  48 120 7 . 1  
.128 18 36 2.0 68 234 7 . 3  
.074 16 16 1 . 0  52 212 7.7 
.047 16 8 1 . 0  36 176 8 . 1  
.302 12 96 3.5 66 110 7 . 0  
.274 8 7? 2.0 45 118 7 . 0  
.100 8 24 1.0 74 260 7 . 1  
.073 8 24 1 . 0  48 264 7 - 4  
.04-7 16 .6 1 . 0  56 14 4- 7 . 9  
.242 9 93 3.8 108 120 6 . 6  
.231 8 74 2.0 81 104 6 . 6  
.153 16 44 1 . 0  74 192 6.7 
.072 8 6 1 . 0  66 192 7 . 0  
.047 8 6 1 . 0  46 132 7 . 9  
(%) (%) (%) 
22.0 45.1 32.9 
28.2 41.2 30.6 
33.2 36.6 30.2 
32.6 38.0 29.4 
22.0 32.4 4$.6 
29.3 45.1 2$.6 
34.3 37.0 28.7 
37.8 32.2 30.0 
37.6 35.2 27.2 
32.0 37.6 30.4 
26.1 43.9 30.0 
39.7 36.2 24.1 
38.7 35.7 2$.6 
39:9 34.7 2$.4 
29.3 33.9 36.8 
36.6 33.2 30.2 
37.6 33.5 28.9 
39.7 35.6 24.7 
40.2 30.9 28.9 
29.3 33.2 37.5 
27.8 38.1 34.1 
26.1 34.3 39.6 
29.7 26.3 44.0 
21.$ 14.5 64.0 




Table 3'+. (Continued) 
Plot Depth 
( i n . )  
Soil test results in pounds per acre 
Rate of Moist Dry-
O r g a n i c  T o t a l  I n i t i a l  n i t r i f i -  A v a i l ,  exch. exch. 

































































































































































1 . 0  
4.5 
3.5 
1 . 0  
1 . 0  
1.0 
2 . 8  
2 . 2  
1 . 0  
1.0 










































































Clay Silt Sand 
IT) w 
33.2 36.8 30.0 
32.4 36.8 30.8 
38.2 33.3 28.5 
32.4 32.4 3$.2 










22 .6  
30.3 
29.9 
2 6 . 1  
25.3 
22 .6  
17.8 






















2 $ . 8  
23.0 
30.6 





















Table 3*+. (Continued) 
S o i l  t e s t  r e s u l t s  I n  p o u n d s per acre 
Rate of ' Moist Dry Mechanical 
Organic Total Initial nitrifi- Avail, exch. exch. analyses 
Plot Depth C N nitrate catlona Pa KP Kp pH Clay Silt Sand 
(%) (#) (#) (%) (%) 
0 6 1.67 .163 6 6o 1 7 - $  107 126 6.8 23 .0  27.6 49.4 
6 - 12 1 .86  .188 4 66 10 .8  67 112 6 . 6  24.0 28.$ 47.5 
12 — 24 1.53 .160 8 24 6 . 0  84 232  6.4 28. 8  31 .2  40.0 
24 - 36 0 .82  .104 16 2 .0  62 270 6 . 9  30.3 2$.3 44.4 
36 - 48 0.72 .06$ 6 6 2.0 42 164 8.0 20.9 2$.l $4.0 
267 
Table 35• Percent of water by weight and available water in 
inches per acre determined on soil samples taken 
during two sampling dates from the thirty plots 
S ampli: ns dates 
August 6 - 10, 1959 August 18 - 22. 195( 
Available Available 
Plot Depth Moisture water Moisture water 
- - ( in . )  m ( i n . / A . )  ('0 ( i n . / A . )  
.910 0 - 6 32.3 0.93 13.8 0.06 
6 - 12 1 6 . 2  0.37 14.3 0.18 
12 - 24 1 6 . 1  0.84 14.4 0.52 
24 - 36 17.0 1.16 1 2 . 2  0.16 
36 - 48 16.7 1.93 14.2 1.46 
'+8 - 60 16.0 2.10 14.0 1.50 
1010 o - 6 0.56 22.7 0.63 
6 - 12 22.0 0.36 20.1 0.18 
1-2 - 24 20.4 0.43 15.9 0.53 
2b - 36 22.0 1.42 15.8 0.04 
- 36 - 48 19.3 1.83 1 3 . 7  0.70 
. 48 - 60 19.Q 1.98 15.7 1.30 
1009 0 - 6 23 .2 0.77 24.1 0.85 
6 - 12 22.3 0.42 20.1 0.21 
12 - 24 1 5 - 3  0.00 15.7 0.00 
24 - 36 20.3 1.03 1 2 . 1  0.00 
36 - 48 20.7 , 2.05 1 1 . 7  0.26 
48 - 60 23.0 2.72 14.8 1.03 
1008 0 - 6 23.6 0.84 22.6 0.74 
6 - 12 19.7 0.18 - 17.8 0.00 
12 - 24 19.0 0.28 1 7 . 4  0.04 
24 - 36 15.0 0.00 15.4 0.04 
36 - 48 15.8 1.06 12.4 O.38  
48 - 60 16.3 1 . 3 2  13.3 0.70 
1007 0 - 6 20.3 0.65 19.4 0.56 
6 - 12 18.6 0.12 1 7 . 1  0.00 
12 - 24 14.9 0.00 13.5 0.00 
24 - 36 14.5 0.00 11.5 0.00 
36 - 48 14.2 0.67 13.2 0 .47  
48 - 60 15.9 1 . 1 2  14.8 C.90 
1006 0 - 6 0.87 20.2 0 .70  
6 - 12 20.7 0.4i 19.7 0 .31  
12 - 24 19.4 0.69 15.8 0.04 
24 - 36 1 7 . 3  0.44 1 3 . 1  0.00 
36 - 48 1 6 . 1  1.12 1 2 . 1  0 .35  
- 48 - 60 15 .8  1.18 14.2 0 .86  
268 





- 10. 1959 August 18 - 22. 1959 
Available Available 
water Moisture water 























18 .7  











1004 0 - 6  
6 - 1 2  
12 - 24 
24 _ 36 
36 - 48 






































































































































































Table 35• (Continued) 
Sampling dates 
August 6 
Plot Depth Moisture 
- 10. 1959 August IS - 22. 19 59 
Available Available 







































































1 7 . 9  
19.3 











1 3 . 4  
1 7 . 1  
1 7 . 5  
16.9 
19.1 
1 9 . 5  
1 7 - 3  
21.3 
21.7 
2 5 - 7  
17.0 




2 7 . 9  
17.0 
1 7 . 1  




( i n . / A . )  
0.36 
0 . 5 3  
1.44 
1.18 
1 . 5 4  
1 . 9 2  
0.31 




4 . 2 5  







0 . 6 9  
1.08 
2.04 
2 . 9 8  
3.85 
0 . 3 9  
0.68 
1.29 
1 . 7 3  
3 . 3 2  












0 . 6 0  
0 . 5 8  
0.64 
0 . 3 5  
1.69 
1 . 7 4  
17.3 
16.9 
1 6 . 2  
20.9 
26.1 
2 $ . 8  
0.42 
0.44 
0 . 8 6  
1 . 9 6  
3 . 8 7  
1 5 . 3  
14.7 
14.8 
1 5 - 1  
14.6 
14.8 
0 . 2 1  
0 . 2 2  
0 . 6 0  
0 . 7 6  
1 . 5 4  
1.66 
1 7 . 1  
1 7 . 2  
14.5 





0 . $ 4  
0 . 9 0  
3 . 0 $  
2 . 7 0  
1 5 . 9  
1 5 . 3  
13.8 
14.7 
2 5 . 8  
2 2 . 7  
0 . 2 8  
0 . 2 8  
0.24 
0 . 6 8  
3 . 6 6  
3 . 2 $  




0 . 3 2  
0.18 
0.46 




Table  3$  ( C on tinued) 
Plot Depth 
Samoli ne dates 






( I n  .) eg: ) ( i n  ./A.) (%:  ) ( in . / A .  )  
1106 0 - 6 17. .1 0 .41 15. .9 0 . 2 9  
• 6 - 12 17 .5 0 .03 15. .5 0 .00 
12 - 24 16. .7 0 .07 14, .7 0 .00 
24 - 36 17. • 7 0 .40 _ 1 3 .  .9 0 .00 
36 - 48 1 6 ,  .8 1 . 1 3  2 2 ,  . 8 2 .31 
43 - 60 1 5 .  • 9 1 .08 1 7 .  1 1 • 33 
1107 0 - -• 6 19. .4 0 .47 1 8 ,  .6 0 .39 
6 - 12 20, .0 0 . 2 2  l e ,  i? 0 .00 
12 - 24 1 8 .  .7 0 .26 1 6 .  . 3 0 .00 . 
24 - 36 1 9 - < » y 0 • 79 1 5 -• 5 0 .00 
36 - 48 20, • 7 1 .99 1 5 .  . 6 0 .93  
48 - 60 1 7 .  . ?  ' 1 .62 1 6 .  .0 1 .23 
1108 0 - b~ 21, .3 0 . 5 4  20, _ c 0 .43 
6 - 12 21. .8 0 . 3 5  1 9 .  1 0 .09 
12 - 24 1 9 .  .5 0 .23 18. .0 0 .09 
24 - 36 20, • 3 1 .04 1 6 .  .3 0 .16 
36 - 48 1 9 ,  .1 1 .79 13. • 7 0 . 7 0  
48 - 60 16, .1 1 • 38 20, .1 2 .20 
1109 0 - 6 23. • 7 0 . 7 2  23. .8 0 .72 
6 - 12 21, .9 c .36 20, .4 0 .21 
12 - 24 20. .1 0 • 36 13. • 5 0 .02 
24 - 36 21. .0 1 .20 1 9 .  .0 0 . 7 5  
3c - LÇ 22. -3 2 .44 16. .2 1 .21 
43 - 60 1 9 - 2 .06 1 3 .  .0 ]_ .73 
1110 0 - 6 22. -3 0 • 59 23. .0 0 .65 
c — 12 21. .0 0 • 36 22. .6 0 .42 
12 - 24 1 9 .  .2 0 .17 20. .0 0 • 34 
24 - 36 1 9 .  . 2 0 .80  22. «9 1 .62 
36 - 48 1 9 .  .2 1 .81 13. .7 1 . 7 1  
' 43 - 60 1 9 -.7 2 . 1 2  21. .8 cL .56 
1402 0 - 6 18. .6 0 • 31 1 8 .  ,4 0 .29 
6 - 12 1 9 -,1 0 .10 16. . 6 0 .00 
12 - 24 1 9 .  ,4 0 .29 12. .7 0 .00 
24 - 36 16. • 7 0 .23 10. ,2 0 .00 
-
48 l4. • 9 0 .90 9-. 2 0 .00 
48 - 60 1 5 .  • 9 1 .30 22. . 6 2 .68 
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Table 36. Coding system for the treatments and 1959 crop 
yield on the relevant fertility plots on the 
Agronomy Farm, Âmes, Iowa 
Number Number 
years years Rate 
Cropping from from of P , Lime Crop 
Plot system meadow manure manure effect^ effect c yield 
(T . /A. )  (Su./A . )  
910 1 3 40 0 0 0 18.8 
1010 5 1 40 0 0 0 99.4 
1009 5 1 40 0 2 1 108.7 
1008 5 1 40 0 1 1 107.9 
1007 5 I 4o 0 0 1 106.9 
1006 5 1 4o 0 0 0 99.6 
1005 5 1 40 .0 0 0 104.6 
1004 5 1 0 10 2 1 114.2 
1003 5 1 0 10 1 1 121.5 
1002 5 1 0 10 0 1 117.0 
1001 5 1 0 10 0 0 113.3 
1000 5 1 40 0 0 0 72.1 
1100 4 1 40 0 0 0 87.5 
1101 4 1 0 8 0 0 103.1 
1102 4 1 0 .2 0 0 116.4 
1103 4 1 0 8 0 1 114.4 
1104 4 1 0 12 0 1 115.1 
1105 4 .1 40 0 0 0 87.7 
iio6 4 1 0 16 0 1 116.3 
1107 4 • 1 0 20 0 1 117.5 
1108 4 1 0 8 1 1 114.6 
1109 4 1 0 8 0 1 104.9 
1110 L 1 40 • 0 0 0 94.3 
14-02 k 2 0 C. 0 0 97.8 
1404 4 2 1 12 0 1 98.6 
1406 4 2 1 16 . 0 1 89.4 
1407 L 2 1 20 0 1 ?7.0 
l4o8 4 2 1 8 1 1 96.4 
1410 4 O C- 40 0 0 c 67.4 
909 1 3 40 0 2 1 26.6 
aCode numbers 1, 4 and 5 I'efer to continuous corn, 4-
year and 5-year rotations, respectively. 
^Code numbers 1 and 2 refer to treatments with rock 
phosphate and superphosphate, respectively. 
cCode numbers 0 and 1 refer to treatments of no lime and 
lime as needed, respectively. 
